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(54)  Recombinant  DNA  cloning  vectors  and  the  eukaryotic  and  prokaryotic  transformants  thereof. 

A  recombinant  DNA  cloning  vector  comprising: 
a)  a  eukaryotic  promoter, 
b)  one  or  two  different  structural  genes  and  associated  con- 
trol  sequence  that  convey  resistance  to  either  or  both  antibiot- 
ics  hygromycin  8  and  G418  when  transformed  into  a  host  cell 
that  is  sensitive  to  either  or  both  antibiotics  for  which  resis- 
tance  is  conveyed,  said  host  cell  being  susceptible  to  transfor- 
mation,  cell  division,  and  culture,  and 
c)  a  prokaryotic  replicon,  said  replicon  being  functional  when 
said  host  cell  is  prokaryotic. 
subject  to  the  limitations  that  the  one  or  two  structural  genes 
and  associated  control  sequence  are  adjacent  to  and,  in  a  eu- 
karyotic  host  cell,  transcribed  from  the  eukaryotic  promoter, 
that  a  single  gene  and  associated  control  sequence  conveys 
resistance  to  either  but  not  both  hygromycin  8  and  G418,  and 
that  the  gene  conveying  resistance  to  G418  does  not  code  for 
the  enzyme  phosphotransferase. 



The  p r e s e n t   i n v e n t i o n   c o n c e r n s   n o v e l   r e c o m -  

b i n a n t   DNA  c l o n i n g   v e c t o r s   t h a t   c o n v e y   h y g r o m y c i n   B  a n d  

G418  r e s i s t a n c e   to   b o t h   e u k a r y o t i c   and   p r o k a r y o t i c  

c e l l s .   The  i n v e n t i o n   f u r t h e r   c o n c e r n s   t r a n s f o r m a n t s   o f  

t h e   a f o r e m e n t i o n e d   v e c t o r s .  

The   p r e s e n t   i n v e n t i o n   i s   p a r t i c u l a r l y   i m p o r -  

t a n t   b e c a u s e   i t   s o l v e s   t h e   p r o b l e m   of   how  to  i d e n t i f y ,  

m a n i p u l a t e ,   a n d   s t a b i l i z e   c l o n e d   DNA  s e q u e n c e s   t h a t  

l a c k   a  s e l e c t a b l e   f u n c t i o n   i n   e u k a r y o t i c   and   p r o k a r y o t i c  

c e l l s .   H e r e t o f o r e ,   t h e   d e v e l o p m e n t   and  e x p l o i t a t i o n   o f  

r e c o m b i n a n t   DNA  t e c h n o l o g y   in   e u k a r y o t i c   c e l l s   ha-  b e e n  

r e t a r d e d   and   made  d i f f i c u l t   b e c a u s e   of  1)  t h e   g e n e r a l  

l a c k   o f   s u i t a b l e   c l o n i n g   v e c t o r s   t h a t   c o n t a i n   m a r k e r s  

t h a t   a r e   s e l e c t a b l e   i n .  e u k a r y o t i c   c e l l s ;   2)  t h e   i n -  

a b i l i t y   to   q u i c k l y   a m p l i f y   d e s i r e d   DNA  s e q u e n c e s   i n  

e u k a r y o t i c   c e l l s ;   and   3)  t h e   s l o w   g e n e r a t i o n   t i m e   o f  

e u k a r y o t i c   c e l l s   i n   c u l t u r e .  

I t   h a s   now  b e e n   d i s c o v e r e d   t h a t   t h e s e   p r o b -  

l e m s   a r e   s o l v e d   by  a  r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r  

c o m p r i s i n g :  

a)  a  e u k a r y o t i c   p r o m o t e r ,  

b)  one   o r   two  d i f f e r e n t   s t r u c t u r a l   g e n e s   a n d  

a s s o c i a t e d   c o n t r o l  s e q u e n c e   t h a t   c o n v e y   r e -  

s i s t a n c e   to   e i t h e r   or   b o t h   a n t i b i o t i c s   h y g r o -  

m y c i n   B  a n d   G418  when  t r a n s f o r m e d   i n t o   a  h o s t  

c e l l   t h a t   i s   s e n s i t i v e   to  e i t h e r  o r   b o t h  

a n t i b i o t i c s   f o r   w h i c h   r e s i s t a n c e   i s   c o n v e y e d ,  

s a i d   h o s t   c e l l   b e i n g   s u s c e p t i b l e   to  t r a n s -  

f o r m a t i o n ,   c e l l   d i v i s i o n ,   and  c u l t u r e ,   a n d  

c)  a  p r o k a r y o t i c   r e p l i c o n ,   s a i d   r e p l i c o n   b e i n g  

f u n c t i o n a l   when  s a i d   h o s t   c e l l   i s   p r o k a r y o t i c ,  



s u b j e c t   to   t h e   l i m i t a t i o n s   t h a t   t h e   one   or   t w o  

s t r u c t u r a l   g e n e s   and   a s s o c i a t e d   c o n t r o l   s e q u e n c e  

a r e   a d j a c e n t   t o   a n d ,   i n   a  e u k a r y o t i c   h o s t   c e l l ,  

t r a n s c r i b e d   f r o m   t h e   e u k a r y o t i c   p r o m o t e r ,   t h a t   a  ' 

s i n g l e   g e n e   and   a s s o c i a t e d   c o n t r o l   s e q u e n c e   c o n v e y s  

r e s i s t a n c e   to   e i t h e r   b u t   n o t   b o t h   h y g r o m y c i n   B  a n d  

G 4 1 8 ,   a n d   t h a t   t h e   g e n e   c o n v e y i n g   r e s i s t a n c e   t o  

G418  d o e s   n o t   c o d e   f o r   t h e   e n z y m e   p h o s p h o t r a n s f e r a s e ,  

s i n c e   s a i d   v e c t o r   i s   f u n c t i o n a l   a n d   s e l e c t a b l e   in   b o t h  

e u k a r y o t i c   a n d   p r o k a r y o t i c   c e l l s .   C o n s e q u e n t l y ,   DNA 

s e q u e n c e s   t h a t   a r e   c l o n e d   o n t o   t h e   p r e s e n t   v e r s a t i l e  

v e c t o r s   c a n   b e   c o n v e n t i o n a l l y   m a n i p u l a t e d   and  a m p l i f i e d  

i n   p r o k a r y o t i c   c e l l s ,   t h u s   a v o i d i n g   t h e   i n c o n v e n i e n c e  

a n d   p r o b l e m s   o f   d o i n g  t h e   p r o c e d u r e s   i n   e u k a r y o t i c  

c e l l s .   M o r e o v e r ,   s i n c e   t h e   p r e s e n t   v e c t o r s   a r e   b o t h  

f u n c t i o n a l   and   s e l e c t a b l e   i n   e u k a r y o t i c   c e l l s ,   t h e   v e c -  

t o r s   c a n   be  t r a n s f o r m e d   f o l l o w i n g   m a n i p u l a t i o n   and   a m p l i -  

f i c a t i o n ,   d i r e c t l y   i n t o   e u k a r y o t i c   h o s t s   w i t h o u t   a d d i -  

t i o n a l   m o d i f i c a t i o n .   T h i s   i s   n o t   o n l y   a d v a n t a g e o u s   b u t  

r e p r e s e n t s   a  s i g n i f i c a n t   a d v a n c e   in   t h e   t e c h n i c a l   a r t .  

The  a b i l i t y   to   c l o n e   DNA  i n t o   e u k a r y o t i c   h o s t  

c e l l s   and   to   r e a d i l y   s e l e c t   t h e   t r a n s f o r m a n t s   i s   i m p o r -  

t a n t   f o r   t h e   f u r t h e r   and   m o r e   s o p h i s t i c a t e d   d e v e l o p m e n t  

of   r e c o m b i n a n t - D N A   t e c h n o l o g y .   S i n c e   t r a n s f o r m a t i o n ,  

and   c o n s e q u e n t l y   a c q u i s i t i o n   of  p l a s m i d   DNA,  i s   a .  v e r y  
low  f r e q u e n c y   e v e n t ,   s u c h   a  f u n c t i o n a l   t e s t   i s   a  p r a c -  
t i c a l   n e c e s s i t y   f o r   d e t e r m i n i n g   w h i c h   c e l l ( s ) ,   o f   a m o n g  
t h e   m i l l i o n s   o f   c e l l s ,   h a s   a c q u i r e d   t h e   p l a s m i d   DNA. 

T h i s   i s   i m p o r t a n t   b e c a u s e   DNA  s e q u e n c e s   t h a t   a r e  

n o n - s e l e c t a b l e   c a n   be  i n s e r t e d   o n t o   t h e   v e c t o r s   t o  

c a u s e   i n s e r t i o n a l   i n a c t i v a t i o n   of   a  p a r t i c u l a r   a n t i -  

b i o t i c   r e s i s t a n c e   g e n e .   T h e r e f o r e ,   u p o n   t r a n s f o r m a -  

t i o n ,   c e l l s   c o n t a i n i n g   t h e   v e c t o r   and   t h e   p a r t i c u l a r  



DNA  s e q u e n c e   o f   i n t e r e s t   c a n   be  i s o l a t e d   by  a p p r o p r i a t e  

a n t i b i o t i c   s e l e c t i o n .   The  p r e s e n t   v e c t o r s   a r e   p a r t i c -  

u l a r l y   u s e f u l   b e c a u s e   t h e y   a r e   h i g h l y   v e r s a t i l e   a n d  c a n  

be  t r a n s f o r m e d   and   s e l e c t e d   in   any   h y g r o m y c i n   B  o r   G 4 1 8  

s e n s i t i v e   e u k a r y o t i c   o r   p r o k a r y o t i c   c e l l   t h a t   c a n  

d i v i d e   and   t a k e   up  DNA.  T h i s   i s   i m p o r t a n t   b e c a u s e   t o  

d a t e ,  m o s t   p r o g r e s s   i n   t h e   r e c o m b i n a n t  D N A   a r t   h a s  

i n v o l v e d   t h e   p r o d u c t i o n   o f   e u k a r y o t i c   p o l y p e p t i d e s   s u c n  

a s ,   f o r   e x a m p l e ,   p r o i n s u l i n ,   i n s u l i n   A  c h a i n ,   i n s u l i n  

B  c h a i n ,   human   g r o w t h   h o r m o n e ,   b o v i n e   g r o w t h   h o r m o n e ,  

i n t e r f e r o n ,   s o m a t o s t a t i n ,   t h y m o s i n   a l ,   and   t h e   l i k e ,   i n  

p r o k a r y o t i c   h o s t s .   P r o k a r y o t i c   c e l l s   a r e   i n c a p a b l e   o f  

c o r r e c t l y   a t t a c h i n g   s u g a r   m o i e t i e s   to   e u k a r y o t i c   p o l y -  

p e p t i d e s .   T h e r e f o r e ,   t h e   p r o d u c t i o n   of   p o s t   t r a n s l a -  

t i o n a l l y   m o d i f i e d   e u k a r y o t i c   p o l y p e p t i d e s ,   s u c h   as  t h e  

g l y c o s y l a t e d   p o l y p e p t i d e s ,   by  r e c o m b i n a n t   DNA  t e c h n i q u e s  

i s   n o t   p o s s i b l e   w i t h o u t   a  e u k a r y o t i c   h o s t   and  a p p r o p r i -  

a t e   e u k a r y o t i c   r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r s .  

The  p r e s e n t   v e c t o r s   f i l l   t h i s   n e e d   a n d   b r o a d e n  

t h e   s c o p e   a n d   a p p l i c a t i o n   of   r e c o m b i n a n t   DNA  t e c h n o l o g y .  

C o n s e q u e n t l y ,   t h e . c o m m e r c i a l   p r o d u c t i o n   of   b o t h   u n m o d i -  

f i e d   and   p o s t - t r a n s l a t i o n a l l y   m o d i f i e d   p r o t e i n s   i n  

e u k a r y o t i c   c e l l s   i s   e n h a n c e d .  

F o r   p u r p o s e s   of   t h e   p r e s e n t   i n v e n t i o n   a s  

c l a i m e d   h e r e i n ,   t h e   f o l l o w i n g   t e r m s   a r e   as  d e f i n e d  

b e l o w .  

S t r u c t u r a l   G e n e  -   a  DNA  s e q u e n c e   t h a t   c o d e s   f o r   a  

p o l y p e p t i d e .  

C o n t r o l   E l e m e n t  -   a  DNA  s e q u e n c e   t h a t   d i r e c t s   a n d  

r e g u l a t e s   t h e   t r a n s c r i p t i o n   and  e x p r e s s i o n   of  a  s t r u c -  

t u r a l   g e n e .  

E u k a r y o t i c   P r o m o t e r  -   a  DNA  s e q u e n c e   t h a t   in   p a r t  



p r o m o t e s   and   r e g u l a t e s   t h e   e x p r e s s i o n   of   a  s t r u c t u r a l  

g e n e   i n   a  e u k a r o y t i c   c e l l .  

P r o k a r y o t i c   R e p l i c o n  -   a  DNA  s e q u e n c e   t h a t   c o n t r o l s   a n d  

r e g u l a t e s   t h e   r e p l i c a t i o n   o f   DNA  i n   a  p r o k a r y o t i c   c e l l .  

R e c o m b i n a n t   DNA  c l o n i n g   V e c t o r  -   a n y   a g e n t ,   i n c l u d i n g  

b u t   n o t  l i m i t e d   to   p l a s m i d s ,   b a c t e r i o p h a g e s ,   a n d  

v i r u s e s ,   c o n s i s t i n g   o f   a  DNA  m o l e c u l e   to   w h i c h   one   o r  

m o r e  a d d i t i o n a l   DNA  s e g m e n t s   c a n   o r   h a v e   b e e n   a d d e d .  

T r a n s f o r m a t i o n  -   t h e   i n t r o d u c t i o n   o f   DNA  i n t o   a  r e -  

c i p i e n t   h o s t  c e l l   t h a t   c h a n g e s   t h e   g e n o t y p e   and   c o n s e -  

q u e n t l y   r e s u l t s   i n   a  s t a b l e   a n d   h e r i t a b l e   c h a n g e   in   t h e  

r e c i p i e n t   c e l l .  

I n s e r t i o n a l   i s o m e r  -   one   o f   t h e   two  or   m o r e   p o s s i b l e  

r e c o m b i n a n t   DNA  m o l e c u l e s   f o r m e d   when  a  DNA  f r a g m e n t   i s  

i n s e r t e d   a t   one   o f   two  o r   m o r e   c o m p a t i b l e   s i t e s  o n   t h e  

r e c i p i e n t   DNA. 

The  p r e s e n t   v e c t o r s   a r e   c o n s t r u c t e d   by  p r e p a r -  

i n g   a  DNA  s e q u e n c e   h a v i n g   one   o r   two  d i f f e r e n t   s t r u c -  

t u r a l   g e n e s   and   a s s o c i a t e d   c o n t r o l   s e q u e n c e   t h a t   c o n v e y  
r e s i s t a n c e   to   e i t h e r   o r   b o t h   o f   a n t i b i o t i c s   h y g r o m y c i n   B 

and   G418  by  a  p r o c e s s   w h i c h   c o m p r i s e s   t r e a t i n g   p l a s m i d  

pKC203  w i t h  

a)  B g l I I   r e s t r i c t i o n   e n z y m e   and  i s o l a t i n g   t h e  

7 . 5 k b   B g l I I   r e s t r i c t i o n   f r a g m e n t   t h a t   c o n v e y s  
r e s i s t a n c e   to   b o t h   s a i d   a n t i b i o t i c s  

o r  

b)  B g l I I   and   S a l I   r e s t r i c t i o n   e n z y m e   and  i s o l a t -  

i n g   t h e   2 . 7 5 k b   S a l I / B g l I I   r e s t r i c t i o n   f r a g m e n t  

t h a t   c o n v e y s   r e s i s t a n c e   to   b o t h   s a i d   a n t i b i o t i c s  

o r  

c)  B g l I I   and   S a c I   r e s t r i c t i o n   e n z y m e   and   i s o -  

l a t i n g   t h e   1 . 5 1 k b   S a c l / B a l I I   r e s t r i c t i o n  



f r a g m e n t   t h a t   c o n v e y s   r e s i s t a n c e   to   a n t i -  

b i o t i c   h y g r o m y c i n   B 

o r  

d)  S a i l   and   E c o R I   r e s t r i c t i o n   e n z y m e   and  i s o l a t -  

i n g   t h e   1 . 6 5 k b   E c o R I / S a l l   r e s t r i c t i o n   f r a g m e n t  

t h a t   c o n v e y s   r e s i s t a n c e   to   a n t i b i o t i c   G 4 1 8 .  

The  DNA  s e q u e n c e   t h u s   o b t a i n e d  i s  l i g a t e d   o n t o   a  s e c o n d  

DNA  s e q u e n c e   c o m p r i s i n g   a  e u k a r y o t i c   p r o m o t e r   a n d ,   i f  

n e e d   b e ,   a  p r o k a r y o t i c   r e p l i c o r .   The  DNA  s e q u e n c e   o b -  

t a i n e d   u p o n   l i g a t i o n   i s   c l o s e d   to   f o r m   a  p l a s m i d   w h i c h  

may  be  s t a b i l i z e d   and   m a i n t a i n e d   by  t r a n s f o r m i n g   t h e  

p l a s m i d   i n t o   a  h o s t   c e l l ,   c u l t u r i n g   t h e   t r a n s f o r m e d  

h o s t   i n   t h e   p r e s e n c e   of   a n t i b i o t i c   h y g r o m y c i n   B  o r  

a n t i b i o t i c   G 4 1 8 ,   and   s e l e c t i n g   t h e   s u r v i v i n g   c e l l s .  

The  p r e s e n t   i n v e n t i o n ,   as  e x e m p l i f i e d   h e r e i n ,  

e x p l o i t s   b a c t e r i a l   p l a s m i d   DNA  t h a t   c o n f e r s   r e s i s t a n c e  

to  t h e   a m i n o g l y c o s i d e   a n t i b i o t i c s   h y g r o m y c i n   B  a n d   G 4 1 8 ,  

f o r   c o n s t r u c t i n g   n o v e l   p l a s m i d s   t h a t   c o n t a i n   and   e x p r e s s  
t h e   r e s i s t a n c e  i n   h y g r o m y c i n   B  or   G418  s e n s i t i v e   e u k a r y -  

o t i c   and   p r o k a r y o t i c   h o s t   c e l l s .   T h u s ,   t h e   p r e s e n t   i n -  

v e n t i o n   i s   u s e f u l   f o r   c l o n i n g   DNA  i n t o   v i r t u a l l y   a n y  

t y p e   of   c e l l .   F u r t h e r m o r e ,   t h e   a b i l i t y   of   t h e   v e c t o r s  

e x e m p l i f i e d   h e r e i n   to   c o n f e r   r e s i s t a n c e   to  a n t i b i o t i c s  

t h a t   a r e   t o x i c   in   b o t h   e u k a r y o t i c   and  p r o k a r y o t i c   c e l l s  

a l s o   p r o v i d e s   a  f u n c t i o n a l   t e s t   f o r   s e l e c t i n g   a n d  

s t a b i l i z i n g   c e l l s   t h a t   h a v e   a c q u i r e d   t h e   v e c t o r s .  

The  p a r t i c u l a r   b a c t e r i a l   p l a s m i d   DNA  s e q u e n c e  
u s e d   in   t h e   p r e s e n t   i l l u s t r a t i v e   c o n s t r u c t i o n s ,   i s   t h e  

7 . 5 k b   B g l I I   r e s t r i c t i o n   f r a g m e n t ,   or   d e r i v a t i v e s .   t h e r e o f ,  
of   p l a s m i d   p K C 2 0 3 .   P l a s m i d   pKC203  i s   a p p r o x i m a t e l y  

15kb   in   s i z e   and   c an   be  i s o l a t e d   r e a d i l y   f r o m   E.  c o l i  

J R 2 2 5   by  c o n v e n t i o n a l   p r o c e d u r e s .   S t r a i n  E .   c o l i   J R 2 2 5  

i s   b o t h   known  in   t h e   a r t   ( D a v i e s   and  O ' C o n n o r ,   1 9 7 3 ,  



A n t i m i c r o b i a l   A g e n t s   and   C h e m o t h e r a p y   1 4 ( 1 ) : 6 9 ) ,   a n d  

a l s o   d e p o s i t e d   and   made   p a r t   of   t h e   s t o c k   c u l t u r e  

c o l l e c t i o n   of   t h e   A m e r i c a n   T y p e   C u l t u r e   C o l l e c t i o n ,  

R o c k v i l l e ,   M a r y l a n d ,   f r o m   w h i c h   i t   i s   a v a i l a b l e   to   t h e  

p u b l i c   w i t h o u t   r e s t r i c t i o n   u n d e r   t h e   n u m b e r   ATCC  3 1 9 1 2 .  

A  r e s t r i c t i o n   and   f u n c t i o n a l   map  of   p l a s m i d   pKC203  i s  

p r e s e n t e d   i n   F i g u r e   1  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .  

F i g u r e   L  and   a l l   s u b s e q u e n t   f i g u r e s   a r e   n o t   d r a w n   t o  

s c a l e .  

The   7 . 5 k b   B g l I I   r e s t r i c t i o n   f r a g m e n t   o f  

pKC203  c o m p r i s e s   t h e   s t r u c t u r a l   g e n e s   and   c o n t r o l  

e l e m e n t s   f o r   e x p r e s s i o n   o f   r e s i s t a n c e   to   a n t i b i o t i c s  

h y g r o m y c i n   B  a n d   G418 .   T h i s   f r a g m e n t   was  l i g a t e d   o n t o  

p l a s m i d   pSV5  g p t ,   a  known   p l a s m i d   w h o s e   c o n s t r u c t i o n   i s  

d e s c r i b e d   i n   M u l l i g a n   and   B e r g ,   1 9 8 0 ,   S c i e n c e   2 0 9  

( 4 4 6 3 ) : 1 4 2 2 .   P l a s m i d   pSV5  g p t   i s   a p p r o x i m a t e l y   9 . 3 k b  

a n d   c o n t a i n s   b o t h   t h e   o r i g i n   o f   r e p l i c a t i o n   and   t h e  

a m p i c i l l i n   r e s i s t a n c e   m a r k e r   o f   p l a s m i d   pBR322  and   a l s o  

a  f u n c t i o n a l   SV40  e a r l y   p r o m o t e r   w h i c h   c o n t r o l s   t h e  

t r a n s c r i p t i o n   o f   a  g e n e   c o d i n g   f o r   x a n t h i n e - g u a n i n e  

p h o s p h o r i b o s y l t r a n s f e r a s e   ( g p t ) .   A  r e s t r i c t i o n   s i t e  

and   f u n c t i o n a l   map  o f   p l a s m i d   pSV5  g p t   i s   p r e s e n t e d   i n  

F i g u r e   2  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .   As  w i l l   b e  

a p p a r e n t   t o   t h o s e   s k i l l e d   in   t h e   a r t ,   p l a s m i d   pSV5  g p t  

c a n   r e p l i c a t e   b o t h   i n   E.  c o l i   and   a l s o   in   e u k a r y o t i c  

c e l l s   s u c h   a s ,   f o r   e x a m p l e ,   m a m m a l i a n   c e l l s .   M o r e o v e r ,  

t h e   u n i q u e   B g l I I   r e s t r i c t i o n   s i t e   i n   p l a s m i d   pSV5  g p t  

a l l o w s   f o r   t h e   d i r e c t   l i g a t i o n   w i t h   t h e   7 . 5 k b   B g l I I  

r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p K C 2 0 3 .   T h u s ,   t h e  

h y g r o m y c i n   B  a n d   G418  r e s i s t a n c e   c o n f e r r i n g   7 . 5 k b  

f r a g m e n t   c a n   be  l i g a t e d   o n t o   B g l I I   t r e a t e d   p l a s m i d   p S V 5  

g p t .   S i n c e   two  p o s s i b l e   o r i e n t a t i o n s   of   t h e   7 . 5 k b  

f r a g m e n t   a r e   e q u a l l y   p r o b a b l e ,   t h e   l i g a t i o n   o f   t h e  



7 . S k b   f r a g m e n t   o n t o   p l a s m i d  p S V S   g p t   r e s u l t s   in   p l a s m i d s  

of   two  t y p e s ,   d e s i g n a t e d   h e r e i n   as   p l a s m i d s   pKC214  a n d  

p K C 2 1 5 .   R e s t r i c t i o n   and   f u n c t i o n a l   maps   of   p l a s m i d s  

pKC214  and   pKC215  a r e   p r e s e n t e d   r e s p e c t i v e l y   in  F i g u r e s  

3  and   4  of   t h e   a c c o m p a n y i n g   d r a w i n g s .  

In  t h e   i l l u s t r a t i v e   p l a s m i d s   pKC214  a n d  

p K C 2 1 5 ,   t h e  e u k a r y o t i c   p r o m o t e r   i s   a d j a c e n t   to  t h e  

g e n e s ,   i n c l u d i n g   t h e   a s s o c i a t e d   c o n t r o l   e l e m e n t s ,   f o r  

h y g r o m y c i n   B  a n d  G 4 1 8   r e s i s t a n c e   and   i s   e x e m p l i f i e d   b y  

t h e   SV40  e a r l y   p r o m o t e r .   The  e u k a r y o t i c   p r o m o t e r  

c o n t r o l s   t h e   t r a n s c r i p t i o n   and   i n   p a r t   r e g u l a t e s   t h e  

e x p r e s s i o n  o f   t h e   r e s i s t a n c e   g e n e s   when   t r a n s f o r m e d  

i n t o   e u k a r y o t i c .   h o s t   c e l l s .   In  a d d i t i o n ,   t h e   p r e s e n t  

p l a s m i d s   u n d e r g o   c h r o m o s o m a l   i n t e g r a t i o n   in  e u k a r y o t i c  

h o s t s   and   t h e r e f o r e   r e p l i c a t e   a l o n g   w i t h   and   as  p a r t   o f  

t h e   c h r o m o s o m e s   d u r i n g   n o r m a l   e u k a r y o t i c   c e l l   d i v i s i o n .  

A l t h o u g h   t h e   e u k a r y o t i c   p r o m o t e r   h e r e i n  

e x e m p l i f i e d   i n  t h e   i l l u s t r a t i v e   p l a s m i d s   pKC214  a n d  

pKC215  i s   t h e   SV40  e a r l y   p r o m o t e r   ( O ' H a r e   e t   a l . ,  

1 9 8 1 ,   P r o c .   N a t .   A c a d .   S c i .   USA  7 8 ( 3 )   1 5 2 7 ,   and   M u l l i -  

gan   and  B e r g ,   1 9 8 0 ,   S c i   2 0 9 : 1 4 2 2 )   many  o t h e r   e u k a r y o t i c  

p r o m o t e r s   c a n  a l s o   be  u s e d .   O t h e r   i l l u s t r a t i v e   e u k a r y -  

o t i c   p r o m o t e r s   i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   t o ,   t h e  

SV40  l a t e   p r o m o t e r   (Hamer   and   L e d e r ,   1 9 7 9 ,   N a t u r e  

2 8 1 : 3 5 ) ,   HSVITK  p r o m o t e r   ( P e l l i c e r   e t   a l . ,   1 9 7 8 ,   C e l l  

1 4 : 1 3 3 ) ,   a d e n o v i r u s   p r o m o t e r   (Thummel   and   T j i a n ,   1 9 8 1 ,  

C e l l   2 3 : 8 2 5 ) ,   a d e n o v i r u s   2  (Ad  2)  l a t e   p r o m o t e r   ( S o l -  

n i c k ,   1 9 8 1 ,   C e l l   2 4 : 1 3 5 ) ,   p o l y o m a   p r o m o t e r   ( C o l a n t u o n i  

e t   a l . ,   1 9 8 0 ,   P r o c .   N a t .   A c a d .   S c i .   USA  7 7 ( 7 ) : 3 8 5 0 ) ,  

m o u s e   s a r c o m a   v i r u s   p r o m o t e r   ( V a n B e v e r e n   e t   a l . ,   1 9 8 1 ,  

N a t u r e   2 8 9 : 2 5 8 ) ,   y e a s t   t r p - 1  p r o m o t e r   ( S t i n c h c o m b   e t  



a l . ,   1 9 7 9 ,   N a t u r e   2 8 2 : 3 9 ) ,   y e a s t   l e u   2  p r o m o t e r   ( R a t z k i n  

and   C a r b o n ,   1 9 7 7 ,   P r o c .   N a t .   A c a d .  S c i .   USA  7 4 ( 2 ) : 4 8 7 ,  

y e a s t   h i s   3  p r o m o t e r   ( B r o a c h   e t   a l . ,   1 9 7 9 ,   Gene   8 : 1 2 1 ) ,  

t h e   y e a s t   a l c o h o l   d e h y d r o g e n a s e   p r o m o t e r ,   and  t h e   y e a s t  

c y t o c h r o m e   c  p r o m o t e r   ( G u a r e n t e   and  P t a s h n e ,   1 9 8 1 ,  

P r o c .   N a t .   A c a d .   S c i .   USA  7 8 ( 4 ) : 2 1 9 9 ) .  

W h i l e   t h e   c o n s t r u c t i o n   o f   t h e   i l l u s t r a t i v e  

p l a s m i d s   pKC214  a n d   pKC215  i n v o l v e d   a  B g l I I   i n s e r t i o n  

i n t o   t h e   pSV5  g p t   g e n e - d o w n s t r e a m   f r o m   t h e   e a r l y   SV40  

p r o m o t e r ,   o t h e r   a n a l o g o u s   c o n s t r u c t i o n s   i n v o l v i n g   o n e  

o r   m o r e   o f   t h e   a b o v e - l i s t e d   e u k a r y o t i c   p r o m o t e r s   can   b e  

m a d e .   F o r   e x a m p l e ,   a  B g l I I   l i n e a r   DNA  f r a g m e n t   c o n -  

t a i n i n g   t h e   h y g r o m y c i n B  a n d   G418  r e s i s t a n c e   g e n e s   c a n  

be  o b t a i n e d   f r o m   p l a s m i d   p K C 2 0 3 ,   o r   a  d e r i v a t i v e  

t h e r e o f ,   by  t r e a t i n g   t h e   p l a s m i d   w i t h   B g l I I   r e s t r i c t i o n  

e n z y m e   a c c o r d i n g   to   c o n v e n t i o n a l   p r o c e d u r e s .   T h i s  

f r a g m e n t   c a n   be   u s e d   d i r e c t l y   o r   s y n t h e t i c   DNA  l i n k e r s ,  

k n o w n   in   t h e  a r t ,   c a n   be  l i g a t e d   to   t h e   r e s i s t a n c e  

c o n f e r r i n g   f r a g m e n t   a n d   t h e   t h u s   p r e p a r e d   f r a g m e n t   c a n  

be  c l o n e d   d o w n s t r e a m   to  an  a p p r o p r i a t e   e u k a r y o t i c  

p r o m o t e r   s u c h   a s ,   f o r   e x a m p l e ,   t h e   Ad  2  o r   t h e   y e a s t  

c y t o c h r o m e   c  p r o m o t e r .   Upon  l i g a t i o n   w i t h   a  p r o k a r y o t i c  

r e p l i c o n ,   t h e s e   c o n s t r u c t i o n s ,   e x e m p l i f i e d   h e r e i n   b y  

p l a s m i d s   pGDl ,   pGD2,  pGD3,  and  pGD4,  a r e   f u n c t i o n a l   i n  

e u k a r y o t i c   and  p r o k a r y o t i c   h o s t   c e l l s   and   a r e   t h u s  

w i t h i n   t h e   s c o p e   o f   t h e   p r e s e n t   i n v e n t i o n .   M o r e o v e r ,  

i t   i s   u n d e r s t o o d   and   w i l l   be  a p p a r e n t   to   t h o s e   s k i l l e d  

in   t h e   a r t   t h a t   a d d i t i o n a l   c o n s t r u c t i o n s   i n v o l v i n g  

d i f f e r e n t   e u k a r y o t i c   p r o m o t e r s   can   be  m a d e - a n d   t h a t  

some  e u k a r y o t i c   p r o m o t e r s   and  c o n s t r u c t i o n s   a r e   p r e -  
f e r r e d   o v e r   o t h e r s   f o r   u s e   in  c e r t a i n   h o s t s .  



The  p a r t i c u l a r   h y g r o m y c i n   B  and  G418  r e s i s -  

t a n c e   g e n e s   and  c o n t r o l   e l e m e n t s ,   e x e m p l i f i e d   i n  

i l l u s t r a t i v e   p l a s m i d s   p K C 2 1 4 ,   p K C 2 1 5 ,   pGD1,  pGD2,  pGD3 

and   pGD4,  c o m p r i s e   t h e   7 . 5 k b   B g l I I   f r a g m e n t   of   p l a s m i d  

p K C 2 0 3 .   M o r e o v e r ,   w i t h i n   t h i s   B g l I I   f r a g m e n t ,   t h e   DNA 

s e q u e n c e   t h a t   c o d e s   f o r   r e s i s t a n c e   h a s   b e e n   f u r t h e r  

l o c a l i z e d   to   t h e   2 . 5 k b   S a l I / B g l I I   f r a g m e n t .   A  r e -  

s t r i c t i o n   a n d   f u n c t i o n a l   map  of   t h e   2 . 5 k b   S a l I / B g l I I  

f r a g m e n t   i s   p r e s e n t e d   as  p a r t   of   p l a s m i d   pKC222  i n  

F i g u r e   5  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .   P l a s m i d   p K C 2 2 2  

i s   u s e f u l   f o r   i s o l a t i n g   t h e   i n d i v i d u a l   g e n e s   a n d  

c o n t r o l   e l e m e n t s   t h a t   c o n f e r   r e s i s t a n c e   to   p a r t i c u l a r  

a n t i b i o t i c s .   F o r   e x a m p l e ,   t h e   1 . 5 1 k b   B g l I I / S a c I  

f r a g m e n t   of   p l a s m i d   pKC222  c o m p r i s e s   t h e   h y g r o m y c i n   B 

r e s i s t a n c e   g e n e   and   c o n t r o l   e l e m e n t   w h i l e   t h e   1 . 6 5 k b  

E c o R I / S a l I   f r a g m e n t   c o m p r i s e s   t h e   g e n e   and   c o n t r o l .  

e l e m e n t   t h a t   c o n f e r s   r e s i s t a n c e   to   G 4 1 8 .   F u r t h e r m o r e ,  

i t   i s   b e l i e v e d   t h a t   t h e   g e n e   and  a s s o c i a t e d   c o n t r o l  

e l e m e n t   t h a t   c o n f e r s   r e s i s t a n c e   to  G418  a l s o   s i m u l t a -  

n e o u s l y   c o n f e r s   r e s i s t a n c e   to   a n t i b i o t i c s   a p r a m y c i n   a n d  

t o b r a m y c i n   in   s e n s i t i v e   h o s t s   s u c h   a s ,   f o r  e x a m p l e ,   E .  

c o l i .   T h e r e f o r e ,   r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r s   t h a t  

c o n f e r   r e s i s t a n c e   to  o n e ,   more   t h a n   o n e ,   o r   a l l   of   t h e  

a n t i b i o t i c s   c an   be  c o n s t r u c t e d   by  c l o n i n g   an  a p p r o -  

p r i a t e   p l a s m i d   pKC203  o r   pKC222  DNA  f r a g m e n t   d o w n s t r e a m  

to  an  a p p r o p r i a t e   e u k a r y o t i c   p r o m o t e r .   Upon  b e i n g  

p r o v i d e d   w i t h   a  p r o k a r y o t i c   r e p l i c o n ,   t h e   v e c t o r s ,  

e x e m p l i f i e d  h e r e i n   by  p l a s m i d s   pGD10,   pGD11,   p G D 1 2 ,  

p G D l 3 ,   pGD14,   and   pGD15,   a r e   f u n c t i o n a l   in   b o t h   e u k a r y o t i c  

and  p r o k a r y o t i c   h o s t   c e l l s   and  a r e   t h u s   w i t h i n   t h e  

s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  I t   w i l l   be  u n d e r s t o o d  



t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   in   no  way  l i m i t e d   by  t h e  

a b o v e   p o s t u l a t e d   a d d i t i o n a l   r e s i s t a n c e   c o n f e r r i n g  

a c t i v i t y   o f   t h e   G418  r e s i s t a n c e   g e n e .  
The  7 . 5 k b   B g l I I   f r a g m e n t   of   p l a s m i d   p K C 2 0 3  

a l s o   c o n t a i n s   a  p r o k a r y o t i c   r e p l i c o n   and  t h e r e f o r e   c a n  

be  s e l f   l i g a t e d   to  f o r m   a  p l a s m i d .   The  r e s u l t i n g  

p l a s m i d ,   d e s i g n a t e d   as  p S C 7 0 1 ,   i s   f u n c t i o n a l   in  E . c o l i  

and   i s   u s e f u l   f o r   g e n e r a t i n g   d e r i v a t i v e   p l a s m i d s   which are 

u s e f u l   as   s t a r t i n g   m a t e r i a l s .   T h u s ,   p l a s m i d   p S C 7 0 1   DNA 

c a n   be   H a e I I   d i g e s t e d   and   t h e n  l i g a t e d   to  p r o d u c e  

p l a s m i d s   pKC257  a n d  p K C 2 5 9 .   P l a s m i d   pKC257  i s   ~ 4 . 2 k b  

a n d   c o n f e r s   r e s i s t a n c e   to   h y g r o m y c i n   B  w h i l e   p l a s m i d  

pKC259  i s   ~ 5 . 0 k b   a n d   c o n f e r s   r e s i s t a n c e   to   b o t h   h y g r o -  

m y c i n   B  a n d   a p r a m y c i n .   S a u 3 A I   d i g e s t i o n   o f  p l a s m i d  

pKC257  DNA  f o l l o w e d  b y   l i g a t i o n   r e s u l t s   in   a  

s t i l l   s m a l l e r   p l a s m i d ,   d e s i g n a t e d   as  p K C 2 6 1 .   T h i s  

p l a s m i d   a l s o  c o n f e r s   r e s i s t a n c e   to   h y g r o m y c i n   B .  

The  a b o v e   d e r i v a t i v e   p l a s m i d s   a r e   f u n c t i o n a l  

i n   E.  c o l i   a n d   a r e  u s e f u l   a s ' s t a r t i n g   m a t e r i a l   f o r  

c o n s t r u c t i n g   v e c t o r s   of   t h e   p r e s e n t   i n v e n t i o n .   T h u s ,  

i n s e r t i o n   o f .  p l a s m i d   pKC259  i n t o   pSVS  g p t   r e s u l t s   i n  

p l a s m i d s   p L 0 3 1 4   and  p L 0 3 1 5 ;   i n s e r t i o n   of   p l a s m i d   p K C 2 5 7  

i n t o   pSV5  g p t   r e s u l t s   in   p l a s m i d s   p L 0 3 1 6   and   p L 0 3 1 7 ;  

a n d   i n s e r t i o n   of   p l a s m i d   pKC261  i n t o   pSV5  g p t   r e s u l t s  

in   p l a s m i d s   p L 0 3 1 8   and   p L 0 3 1 9 .   A l l   of   t h e   a f o r e m e n -  

t i o n e d   pL0  p l a s m i d s   a r e   f u n c t i o n a l   in   b o t h   p r o k a r y o t i c  

and   e u k a r y o t i c   h o s t   c e l l s   a n d   t h u s   a r e   w i t h i n   t h e   s c o p e  

of   t h e   p r e s e n t   i n v e n t i o n .  

A d d i t i o n a l   p l a s m i d   s t a r t i n g   m a t e r i a l s   c a n  

a l s o   be  c o n s t r u c t e d .   Fo r   e x a m p l e ,   i n s e r t i o n   of   t h e  

p l a c - c o n t a i n i n g   H a e I I   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d  



p U R 2 2 2 ,   ( t h e   c o n s t r u c t i o n   of   w h i c h   i s   d i s c l o s e d   i n  

R ü t h e r ,   1 9 8 1 ,   N u c l e i c   A c i d s   R e s e a r c h   9 : 4 0 8 7 ) ,   i n t o  

p l a s m i d  p K C 2 6 1   r e s u l t s   in   p l a s m i d   p K C 2 7 5 .   The  l a t t e r  

p l a s m i d   i s   ~ 3 . 6 k b ,   c o n f e r s   r e s i s t a n c e   to   h y g r o m y c i n   B ,  

and   can   be  i n s e r t e d   i n t o   p l a s m i d   pSV5  g p t   to  f o r m  

i l l u s t r a t i v e   p l a s m i d s   p L 0 3 2 0   and   p L 0 3 2 1 .   F u r t h e r m o r e ,  

i n s e r t i o n   of   a  2;   D N A - c o n t a i n i n g   r e s t r i c t i o n   f r a g m e n t  

of   p l a s m i d   YEp24  i n t o   pKC259  r e s u l t s   in   p l a s m i d  

pKC264,   i n s e r t i o n   of   t h e   ~ 2 . 5 k b   B g l I I / S a l I   f r a g m e n t   o f  

pKC259  i n t o   a p p r o p r i a t e l y   c u t   YEp24  r e s u l t s   in   p l a s m i d  

p K C 2 7 3 ,  a n d   i n s e r t i o n   of  t h e   ~ 3 . 2 k b   P s t I   f r a g m e n t   o f  

p l a s m i d   pKC264  i n t o   pBR322  r e s u l t s   in   p l a s m i d   p L 0 3 7 8 .  

B o t h   p l a s m i d s   p L 0 3 7 8   and   pKC273  a r e   f u n c t i o n a l   in   y e a s t  

a n d   E.  c o l i   and   c o n s e q u e n t l y   a r e   w i t h i n   t h e   s c o p e   o f  

t h e   p r e s e n t   i n v e n t i o n .   C o n s t r u c t i o n   of   t h e   a f o r e -  

m e n t i o n e d   and   o t h e r   v e c t o r s   u s i n g   t h e   f o r e g o i n g   p l a s m i d  

s t a r t i n g   m a t e r i a l s   i s   f u r t h e r   and  more   s p e c i f i c a l l y  

d i s c l o s e d   in   E x a m p l e s   25  to   42  b e l o w .  

I t   w i l l  b e   u n d e r s t o o d   t h a t   t h o s e   of  o r d i n a r y  

s k i l l   can   c o n s t r u c t   o r   i s o l a t e   s t i l l   o t h e r   DNA  s e q u e n c e s  
t h a t   a l s o   c o n f e r   r e s i s t a n c e  t o   h y g r o m y c i n   3  and  G 4 1 8 ,  

e i t h e r   i n d i v i d u a l l y   o r   in   c o m b i n a t i o n ,   and  t h a t   t h e s e  

s e q u e n c e s   c an   be  u s e d   in   p l a c e   of  t h e   r e s i s t a n c e   g e n e s  
and   c o n t r o l   e l e m e n t s   e x e m p l i f i e d   h e r e i n .   M o r e o v e r ,  

f u n c t i o n a l   d e r i v a t i v e s   of  t h e   7 . 5 k b   B g l I I   f r a g m e n t s  

o r   t h e   2 . 5 k b   S a l I / B a l I I   s u b f r a g m e n t   can   be  c o n s t r u c t e d  

by  a d d i n g ,   e l i m i n a t i n g ,   or   s u b s t i t u t i n g   c e r t a i n   n u c l e o -  

t i d e s   in  a c c o r d a n c e   w i t h   t h e   g e n e t i c  c o d e .   T h o s e   o f  

o r d i n a r y   s k i l l   w i l l   u n d e r s t a n d   t h a t   u s e  o f   s u c h   d e r i v -  

a t i v e s   and  a l s o   o t h e r   h y g r o m y c i n   3  and  G 4 1 3 - c o n f e r r i n g  

DNA  s e g m e n t s   r e s u l t s   in   v e c t o r s   t h a t   a r e   w i t h i n   t h e  

s c o p e  o f   t h e   p r e s e n t   i n v e n t i o n .  



A l t h o u g h   t h e   p r o k a r y o t i c   r e p l i c o n   e x e m p l i f i e d  

h e r e i n   i n   t h e   i l l u s t r a t i v e   p l a s m i d s   i s   t h e   p l a s m i d  

pBR322  r e p l i c o n ,   many  o t h e r   r e p l i c o n s   c a n   a l s o   be  u s e d  

f o r   m a k i n g   s i m i l a r   c o n s t r u c t i o n s .   O t h e r   i l l u s t r a t i v e  

p r o k a r y o t i c   r e p l i c o n s   i n c l u d e ,   b u t   a r e   n o t  l i m i t e d   t o ,  

t h e   pMBl  r e p l i c o n   ( B e t l a c h   e t   a l . ,   1 9 7 6 ,   F e d .   P r o c .  

3 5 : 2 0 3 7 ) ,   NR1  r e p l i c o n   (Rownd  and   M i c k e l ,   1971   N a t u r e  

2 3 4 . : 4 0 ) ,   RK2  r e p l i c o n   ( B e r i n g e r ,   1 9 7 4 ,   J .   Gen.   M i c r o b i o l .  

8 4 : 1 8 8 ) ,   RK6  r e p l i c o n   ( K o n t o m i c h a l o u   e t   a l . ,   1 9 7 0 ,   J .  

B a c t e r i o l .   1 0 4 : 3 4 ) ,   p S C 1 0 1   r e p l i c o n   ( C o h e n   and  C h a n g ,  

1 9 7 7 ,   J .   B a c t e r i o l .   1 3 2 : 7 3 4 ) ,   RPl   r e p l i c o n   ( G r i n s t e d   e t  

a l . ,   1 9 7 2 ,   J .   B a c t e r i o l .   1 1 0 : 5 2 9 ) ,   RP4  r e p l i c o n   ( 1 9 7 7 ,  

N a g a h a r i   e t   a l . ,   Gene   1 : 1 4 1 ) ) ,   R S F 1 0 1 0   r e p l i c o n   ( G u e r r y  

e t   a l . ,   1 9 7 4 ,   J .   B a c t e r i o l .   1 1 7 : 6 1 9 ) ,   PUB110  r e p l i c o n  

( G r y c z a n ,   e t  a l . ,   1 9 7 8 ,   J .   B a c t e r i o l .   1 3 4 : 3 1 8 ) ,   and   t h e  

S L P 1 . 2   r e p l i c o n   ( B i b b   e t   a l . ,   N a t u r e   2 8 4 : 5 2 6 ) .   I t  i s  

u n d e r s t o o d   a n d   w i l l   be  a p p a r e n t   to   t h o s e   s k i l l e d   in   t h e  

a r t   t h a t   many   a d d i t i o n a l  p r o k a r y o t i c   r e p l i c o n s   c a n   b e  

c o n s t r u c t e d   and   t h a t   g e n e r a l l y   some  p r o k a r y o t i c   r e p l i c o n s  

a r e   p r e f e r r e d   and   w i l l   be  s e l e c t e d   o v e r   o t h e r s   f o r   u s e  

i n   c e r t a i n   h o s t s .   F o r   e x a m p l e ,   t h e   R S F 1 0 1 0 ,   P U B 1 1 0 ,  

a n d   t h e   S L P 1 . 2   r e p l i c o n s   a r e   r e s p e c t i v e l y   p r e f e r r e d   f o r  

u s e   i n   P s e u d o m o n a s ,   B a c i l l u s   and   S t r e p t o m y c e s ,   w h i l e  

t h e   o t h e r   r e p l i c o n s   c i t e d   a b o v e   a r e   p r e f e r r e d   f o r  u s e  

in   E.  c o l i .  

The  v e c t o r s   o f   t h e   p r e s e n t   i n v e n t i o n   a r e  

h i g h l y   v e r s a t i l e   and   a r e   f u n c t i o n a l   in   a l m o s t   a n y  

p r o k a r y o t i c   o r   e u k a r y o t i c   h o s t   c e l l .   The  o n l y   r e q u i r e -  

m e n t s   a r e   1)  t h a t   t h e   h o s t   c e l l   be  c a p a b l e   o f  d i v i s i o n  

and   c u l t u r e ;   2)  t h a t   t h e  h o s t   c e l l   be  c o m p e t e n t   f o r  

t r a n s f o r m a t i o n ;   and   3)  t h a t   t h e   n o n - t r a n s f o r m e d   h o s t  



c e l l   be  s e n s i t i v e   to  and   t h u s   k i l l e d   by  e i t h e r   o r   b o t h  

h y g r o m y c i n   B  a n d   G418 .   T h e r e f o r e ,   t h e   p r e s e n t   v e c t o r s  

a r e   u s e f u l   in   b a c t e r i a ,   f u n g i ,   y e a s t ,   p l a n t   c e l l s ,  

a n i m a l   c e l l s ,   and  f r e e   l i v i n g   u n i c e l l u l a r   e u k a r y o t e s .  

The  w e a l t h   of  g e n e t i c   and   b i o c h e m i c a l   i n -  

f o r m a t i o n   a b o u t   E.  c o l i   K12  m a k e s   i t   a  c o n v e n i e n t   a n d  

p r e f e r r e d   p r o k a r y o t i c   h o s t   c e l l   f o r   p u r p o s e s   of   t h e  

p r e s e n t   i n v e n t i o n .   O t h e r   p r e f e r r e d   p r o k a r y o t i c   h o s t  

c e l l s   a r e   b a c t e r i a ,   i n c l u d i n g   b u t   n o t   l i m i t e d   to   E .  

c o l i ,   E.  c o l i   K12  3 E 8 2 7 ,   B a c i l l u s ,   B a c i l l u s   s u b t i l i s ,  

P s e u d o m o n a s ,   A g r o b a c t e r i u m ,   S t r e p t o m y c e s ,   S t a p h y l o c o c c u s  

S t r e p t o c o c c u s ,   A c t i n o m y c e t e s ,   a n d   S e r r a t i a ;   and   b l u e -  

g r e e n   a l g a e . .   P r e f e r r e d   e u k a r y o t i c   h o s t   c e l l s   a r e  

f u n g i ,   i n c l u d i n g   b u t   n o t   l i m i t e d   to  N e u r o s p o r a ,   C e p h a l o -  

s p o r i u m ,   A s p e r g i l l u s ,   P e n i c i l l i u m ,   and   y e a s t ;   c e l l s  

s u s c e p t i b l e   to   c u l t u r e   t h a t   a r e   d e r i v e d   f r o m   t i s s u e   o f  

m u l t i c e l l u l a r   o r g a n i s m s ,   i n c l u d i n g   b u t   n o t   l i m i t e d   to  a  

m a m m a l i a n   c e l l ,   m u r i n e   m a m m a l i a n   c e l l ,   m o u s e   c e l l ,  

M o u s e   L t k   c e l l ,   human  c e l l ,  a v i a n   c e l l ,   a m p h i b i a n  

c e l l ,   r e p t i l i a n   c e l l ,   a  c e l l   d e r i v e d   f r o m   a  member   o f  

t h e  p h y l u m   C h o r d a t a ,   an  a n i m a l   c e l l ,   a  p l a n t   c e l l ,   a  

g y m n o s p e r m o u s   c e l l ,   an  a n g i o s p e r m o u s   c e l l ;   and  f r e e  

l i v i n g   u n i c e l l u l a r   o r g a n i s m s ,   i n c l u d i n g   b u t   n o t   l i m i t e d  

to  a l g a e   and  p r o t o z o a n s .  

As  d e s c r i b e d   a b o v e ,   t h e  v e c t o r s   of  t h e   p r e s e n t  
i n v e n t i o n   a r e   f u n c t i o n a l   in   v i r t u a l l y   any  t y p e   o f  

p r o k a r y o t i c   o r   e u k a r y o t i c   h o s t   c e l l   and   c o n f e r   t h e  

d e s i r e d   a n t i b i o t i c   r e s i s t a n c e   to  h y g r o m y c i n   3  and  G 4 1 8  

s e n s i t i v e  c e l l s   s u c h   a s ,   f o r   e x a m p l e ,   E.  c o l i   K12  

BE827 ,   E.  c o l i   K12  3 E 7 8 3 ,   E.  c o l i   K12  B E 1 0 4 1 ,   M o u s e  

L t k -   c e l l s ,   and  S a c c h a r o m y c e s   c e r e v i s i a e .   T h u s ,   t h e  



t r a n s f o r m a n t s   of   t h e   p r e s e n t   i n v e n t i o n ,   i n c l u d i n g   b u t  

n o t   l i m i t e d   to  i l l u s t r a t i v e   t r a n s f o r m a n t s   E.  c o l i   K12  

B E 8 2 7 / p K C 2 1 4 ,   E.  c o l i   K12  B E 8 2 7 / p K C 2 1 5 ,   Mouse   L t k / p K C 2 1 4 ,  

Mouse   L t k / p K C 2 1 5 ,   E.  c o l i   Kl2  B E 7 8 3 / p K C 2 7 3 ,   a n d  

S a c c h a r o m y c e s   c e r e v i s i a e / p K C 2 7 3 ,   e x p r e s s   r e s i s t a n c e   t o  

e i t h e r   o r   b o t h   of   t h e   a f o r e m e n t i o n e d   a n t i b i o t i c s   a n d  

a r e   t h e r e f o r e   u s e f u l ,  u n d e r   a p p r o p r i a t e   s e l e c t i o n  

c o n d i t i o n s ,   f o r   p r o p a g a t i n g   a n d   m a i n t a i n i n g   t h e   p r e s e n t  

v e c t o r s .   T h o s e   s k i l l e d   in   t h e   a r t   w i l l   f u r t h e r   r e c o g n i z e  

t h a t   n o n - s e l e c t a b l e   s t r u c t u r a l   g e n e s   can   be  c l o n e d   i n t o  

t h e   v e c t o r s   and  t h a t ,   f o l l o w i n g   t r a n s f o r m a t i o n   a n d  

s u b s e q u e n t   c u l t u r i n g   u n d e r   h y g r o m y c i n   B  o r   G418  s e l e c t i o n  

p r e s s u r e   i n   m a m m a l i a n   o r   o t h e r   h o s t   c e l l s ,   t h e   c l o n e d  

g e n e s   c a n   be  s t a b i l i z e d ,   m a i n t a i n e d ,   and   e x p r e s s e d .  

O n l y   h o s t   c e l l s   t h u s   t r a n s f o r m e d   c a n   s u r v i v e   i n   t h e  

p r e s e n c e   o f   h y g r o m y c i n   B  o r   G418  so  t h e r e f o r e ,   t h e  

v e c t o r s   o f   t h e   p r e s e n t   i n v e n t i o n   a l l o w   f o r   t h e   e a s y  
i s o l a t i o n   and   i n i t i a l   i d e n t i f i c a t i o n   of   t r a n s f o r m a n t s .  

T h e  l a r g e   n u m b e r   o f   h o s t   c e l l s   t h a t   can   b e  

t r a n s f o r m e d   w i t h   t h e   v e c t o r s   o f   t h e   p r e s e n t   i n v e n t i o n  

i s   i m p o r t a n t   b e c a u s e   i t   a l l o w s   f o r   t h e   e a s y   a m p l i -  

f i c a t i o n   and   m a n i p u l a t i o n   of   e u k a r y o t i c   v e c t o r s   i n  

p r o k a r y o t i c   h o s t   c e l l s .   T h i s   i s   p a r t i c u l a r l y   a d v a n -  

t a g e o u s   b e c a u s e   t h e   g e n e t i c   b a c k g r o u n d   of   p r o k a r y o t e s ,  

s u c h   as  E.  c o l i   and   t h e   l i k e ,   i s   w e l l  k n o w n   and  c o n -  

v e n t i o n a l   r e c o m b i n a n t   DNA  p r o c e d u r e s   a r e   a p p l i c a b l e   a n d  

can   be  c o n v e n i e n t l y   d o n e   i n   s u c h   s y s t e m s .   C o n s e q u e n t l y ,  

t h e   p r e s e n t   r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r s ,   i n c l u d i n g  

t h o s e   t h a t   c o n t a i n   s e l e c t a b l e   o r   n o n - s e l e c t a b l e   s t r u c -  

t u r a l   g e n e s ,   can   be  f i r s t   m a n i p u l a t e d   and  a m p l i f i e d   i n  

p r o k a r y o t i c   c e l l s   and  t h e n   t r a n s f o r m e d   i n t o   e u k a r y o t i c  



h o s t   c e l l s   f o r   e x p r e s s i o n ,   t h u s   a v o i d i n g   t h e   s e r i o u s  

p r o b l e m s   a s s o c i a t e d   w i t h   b e i n g   r e s t r i c t e d   e x c l u s i v e l y  

to  e u k a r y o t i c   s y s t e m s .  

W h i l e   a l l   t h e   e m b o d i m e n t s   of   t h e   p r e s e n t  
i n v e n t i o n   a r e   u s e f u l ,   some  of   t h e   p r e s e n t   r e c o m b i n a n t  

DNA  c l o n i n g   v e c t o r s   and  t r a n s f o r m a n t s   a r e   p r e f e r r e d .  

A c c o r d i n g l y ,   p r e f e r r e d   v e c t o r s   a r e   p l a s m i d s   p K C 2 1 4 ,  

p K C 2 1 5 ,   and   pKC273 ;   p r e f e r r e d   p r o k a r y o t i c   t r a n s f o r m a n t s  

a r e   E.  c o l i   K12  B E 8 2 7 / p K C 2 1 4 ,   E.  c o l i   K12  B E 8 2 7 / p K C 2 1 5 ,  

and   E.  c o l i   K12  B E 7 8 3 / p K C 2 . 7 3 ;   and   p r e f e r r e d   e u k a r y o t i c  

t r a n s f o r m a n t s   a r e   Mouse   L t k / p K C 2 1 4 ,   Mouse   L t k / p K C 2 1 5 ,  

and  S a c c h a r o m y c e s   c e r e v i s i a e / p K C 2 7 3 .  

The  u t i l i t y   of   t h e   v e c t o r s   and  t r a n s f o r m a n t s  

of   t h e   p r e s e n t   i n v e n t i o n   i s   b r o a d   and  a l l o w s   f o r   t h e  

g r e a t e r   a n d  m o r e   r a p i d   a p p l i c a t i o n   of   r e c o m b i n a n t   DNA 

t e c h n o l o g y   to   e u k a r y o t i c   s y s t e m s .   F o r   e x a m p l e ,   t h e  

a b i l i t y   o f  t h e   p r e s e n t   v e c t o r s ,   i n c l u d i n g   p l a s m i d s ,  

b a c t e r i o p h a g e s ,   and   v i r u s e s ,   to  c o n f e r   r e s i s t a n c e   t o  

a n t i b i o t i c s   t h a t   a r e   t o x i c   to  b o t h   e u k a r y o t i c   a n d  

p r o k a r y o t i c  c e l l s   p r o v i d e s   a  f u n c t i o n a l   t e s t   f o r  

s e l e c t i n g   t r a n s f o r m a n t s .   T h i s   i s   i m p o r t a n t   b e c a u s e  

s u c h   a  t e s t   i s   a  p r a c t i c a l   n e c e s s i t y   f o r   d e t e r m i n i n g  

and  s e l e c t i n g   t h e   p a r t i c u l a r   c e l l s   t h a t   h a v e   a c q u i r e d  

v e c t o r   DNA.  A d d i t i o n a l   DNA  s e q u e n c e s ,   t h a t  l a c k  

f u n c t i o n a l   t e s t s   f o r   t h e i r   p r e s e n c e ,   can   be  i n s e r t e d  

o n t o   t h e   p r e s e n t   v e c t o r s   and  t h e n   t r a n s f o r m a n t s   c o n -  

t a i n i n g   t h e   n o n - s e l e c t a b l e   DNA  can   be  i s o l a t e d   b y  

h y g r o m y c i n   B  or  G418  s e l e c t i o n .   Such   n o n - s e l e c t a b l e  

DNA  s e q u e n c e s   i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   t o ,   g e n e s  
t h a t   s p e c i f y   a  p o s t - t r a n s l a t i o n a l l y   m o d i f i e d   p r o t e i n  

s u c h   a s ,   f o r   e x a m p l e ,   f i b r o n e c t i n   or   h e p a t i t i s   3 

a n t i g e n ,   b o t h   of  w h i c h   a r e   p o s t - t r a n s l a t i o n a l l y   g l y c o -  

s y l a t e d   by  e u k a r y o t i c   c e l l s .  



More  p a r t i c u l a r l y   a  n o n - s e l e c t a b l e   g e n e  

s e q u e n c e   c an   be  i n s e r t e d ,   f o r  e x a m p l e ,   i n t o   t h e   P v u I  

s i t e   o f   p l a s m i d s ,   s u c h   a s ,   f o r   e x a m p l e ,   i l l u s t r a t i v e  

p l a s m i d s   pGD14  and  pGD15,   t h a t   c o n t a i n   t h e   2 . 7 5 k b  

S a l I / B g l I I   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p K C 2 0 3 .  

S u c h   an  i n s e r t i o n   i n a c t i v a t e s   t h e   h y g r o m y c i n   B  r e s i s -  

t a n c e   g e n e   a n d   t h u s   a l l o w s   f o r   t h e   e a s y   i d e n t i f i c a t i o n  

of   t r a n s f o r m a n t s   c o n t a i n i n g   t h e   r e c o m b i n a n t   p l a s m i d .  

Th i s .   i s   d o n e   by  f i r s t   s e l e c t i n g  f o r   G418  r e s i s t a n c e  

a n d ,   s e c o n d a r i l y ,   i d e n t i f y i n g   t h o s e   G418  r e s i s t a n t  

t r a n s f o r m a n t s   t h a t   a r e   n o t   r e s i s t a n t   to  h y g r o m y c i n   B .  

In   a  s i m i l a r   m a n n e r ,   i n s e r t i o n   o f   a  g e n e   s e q u e n c e   o f  

i n t e r e s t   a t ,   f o r   e x a m p l e ,   t h e   Xho l   s i t e   i n a c t i v a t e s   t h e  

G418  r e s i s t a n c e   g e n e .   Thus   t r a n s f o r m a n t s   c a r r y i n g   t h i s  

r e c o m b i n a n t   p l a s m i d   a l s o   c a n   be  i d e n t i f i e d   e a s i l y   b y  

f i r s t   s e l e c t i n g - f o r   h y g r o m y c i n   B  r e s i s t a n c e   a n d ,  

s e c o n d a r i l y ,   i d e n t i f y i n g   t h o s e   h y g r o m y c i n   3  t r a n s -  

f o r m a n t s   t h a t   a r e   n o t   r e s i s t a n t   to   G418 .   T h e r e f o r e ,  

t h e   a b i l i t y   to   s e l e c t   f o r   a n t i b i o t i c   r e s i s t a n c e   i n  

e u k a r y o t i c   o r   p r o k a r y o t i c   t r a n s f o r m a n t s   a l l o w s   f o r   t h e  

e f f i c i e n t   i s o l a t i o n   of   t h e   e x t r e m e l y   r a r e   c e l l s   t h a t  

c o n t a i n   t h e   p a r t i c u l a r   n o n - s e l e c t a b l e   DNA  of   i n t e r e s t .  

The  f u n c t i o n a l   t e s t   f o r   a n t i b i o t i c   r e s i s t a n c e ,  

as   d e s c r i b e d   h e r e i n   a b o v e ,   c an   a l s o   be  u s e d   to  i d e n t i f y  

DNA  s e q u e n c e s   t h a t   a c t   as  c o n t r o l   e l e m e n t s   and  d i r e c t  

e x p r e s s i o n   of   an  i n d i v i d u a l   a n t i b i o t i c   r e s i s t a n c e   g e n e .  
S u c h   s e q u e n c e s ,   i n c l u d i n g   b u t   n o t   l i m i t e d   to   p r o m o t e r s ,  

a t t e n u a t o r s ,   r e p r e s s o r s ,   i n d u c e r s ,   r i b o s o m a l   b i n d i n g  

s i t e s ,   and   t h e   l i k e ,   can   be  u s e d   to  c o n t r o l   t h e   e x -  

p r e s s i o n   of   o t h e r   s t r u c t u r a l   g e n e s   i n   b o t h   e u k a r y o t i c  

and   p r o k a r y o t i c   c e l l s .  



The  h y g r o m y c i n   B  a n d   G418  r e s i s t a n c e - c o n -  

f e r r i n g   v e c t o r s   of   t h e   p r e s e n t   i n v e n t i o n   a r e   a l s o  

u s e f u l   f o r   s t a b i l i z i n g   l i n k e d   DNA  s e q u e n c e s   of   v a r i o u s  

s o r t s .   T h e s e   g e n e s   o r   f r a g m e n t s ,   c o v a l e n t l y   l i n k e d   t o  

t h e   h y g r o m y c i n   B  or   G418  r e s i s t a n c e   g e n e   and  p r o p a g a t e d  

e i t h e r   in   e u k a r y o t e s   o r   p r o k a r y o t e s ,   c an   be  m a i n t a i n e d  

by  e x p o s i n g   t h e   t r a n s f o r m a n t s   to   l e v e l s   of   h y g r o m y c i n   B 

o r   G418  t h a t  a r e   t o x i c   to   n o n - t r a n s f o r m e d   c e l l s .  

T h e r e f o r e ,   t r a n s f o r m a n t s   t h a t   l o s e   t h e   v e c t o r ,   a n d  

c o n s e q u e n t l y   any   c o v a l e n t l y   l i n k e d   DNA,  d i e   and   a r e  

e l i m i n a t e d   f r o m   t h e   c u l t u r e .   T h u s ,   t h e   v e c t o r s   of   t h e  

p r e s e n t   i n v e n t i o n   c an   s t a b i l i z e   and   m a i n t a i n   any  DNA 

s e q u e n c e   of   i n t e r e s t .  

The  c l o n i n g   v e c t o r s   and   t r a n s f o r m a n t s   of   t h e  

p r e s e n t   i n v e n t i o n   n o t   o n l y   p r o v i d e   f o r   t h e   c o m m e r c i a l l y  

f e a s i b l e   p r o d u c t i o n   of   b o t h   u n m o d i f i e d   and  p o s t -  

t r a n s l a t i o n a l l y   m o d i f i e d   p o l y p e p t i d e s   in   e u k a r y o t i c  

c e l l s ,   b u t   a l s o   f o r   i m p r o v e d   y i e l d s   of   v a r i o u s   p r o d u c t s  

t h a t   a r e   c u r r e n t l y   p r o d u c e d   in   p r o k a r y o t i c   and  e u k a r y -  

o t i c   c e l l s .   E x a m p l e s   of  s u c h   p r o d u c t s   i n c l u d e ,   b u t   a r e  
n o t   l i m i t e d   t o ,   S t r e p t o m y c i n ,   T y l o s i n ,   C e p h a l o s p o r i n s ,  

A c t a p l a n i n ,   b i o s y n t h e t i c   i n s u l i n ,   b i o s y n t h e t i c   h u m a n  

i n s u l i n ,   b i o s y n t h e t i c   human  p r o i n s u l i n ,   b i o s y n t h e t i c  

i n t e r f e r o n ,   and  b i o s y n t h e t i c   human  i n t e r f e r o n .   T h e  

p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   s e l e c t a b l e   v e c t o r s   t h a t  

can   be  u s e d   to  i d e n t i f y ,   c h a r a c t e r i z e ,   and  r e c o n s t r u c t  

DNA  s e q u e n c e s   t h a t   c o d e   f o r   1)  c o m m e r c i a l l y   i m p o r t a n t  

p r o t e i n s ,   2)  e n z y m a t i c   f u n c t i o n s   in  m e t a b o l i c   p a t h w a y s  

l e a d i n g   to  c o m m e r c i a l l y   i m p o r t a n t   p r o c e s s e s   and  c o m -  

p o u n d s ,   or   3)  c o n t r o l   e l e m e n t s   t h a t   i m p r o v e   g e n e  

e x p r e s s i o n .   T h e s e   d e s i r e d   DNA  s e q u e n c e s   i n c l u d e ,   b u t  



a r e   n o t   l i m i t e d   t o ,   DNA  t h a t   c o d e s   f o r   t h e   b i o d e g r a d a -  

t i o n   of   h y d r o c a r b o n s ,   f o r   d e r i v a t i z e d  a n t i b i o t i c s   s u c h  

a s ,   f o r   e x a m p l e ,   C e p h a l o s p o r i n ,   T y l o s i n ,   and  A c t a p l a n i n  

d e r i v a t i v e s ,   o r   f o r   e n z y m e s   t h a t   m e d i a t e   and  i n c r e a s e  

b i o p r o d u c t i o n   of   a n t i b i o t i c s   o r   o t h e r   p r o d u c t s .   T h e  

c a p a b i l i t y  f o r   i n s e r t i n g   and   s t a b i l i z i n g   s u c h   DNA 

s e q u e n c e s   in   e u k a r y o t i c   a n d   p r o k a r y o t i c   c e l l s   i s  

i m p o r t a n t   b e c a u s e  t h e   p r o d u c t i o n ,   u s i n g   r e c o m b i n a n t   DNA 

m e t h o d o l o g y ,   o f  c e r t a i n   a n t i b i o t i c s   and   p o s t - t r a n s l a -  

. t i o n a l l y   m o d i f i e d   p r o t e i n s   r e q u i r e s   a  e u k a r y o t i c   h o s t .  

M o r e o v e r ,   t h e   a b i l i t y   o f   t h e   p r e s e n t   v e c t o r s   to   b e  

f u n c t i o n a l   in   p r o k a r y o t i c   c e l l s   s u c h   a s ,   f o r   e x a m p l e ,  

E.  c o l i ,   a l l o w s   f o r   t h e i r   e a s y   m a n i p u l a t i o n   and   a m p l i -  

f i c a t i o n ,   t h u s   c i r c u m v e n t i n g   t h e   p r o b l e m s   a s s o c i a t e d  

w i t h   e u k a r y o t i c   c e l l s   in   w h i c h   s u c h   p r o c e d u r e s   a r e  

d i f f i c u l t   i f   n o t   i m p o s s i b l e   to   d o .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   f o r  

t h e   c o n s t r u c t i o n   o f   new  v a r i e t i e s   o r   s t r a i n s   of   m u l t i -  

c e l l u l a r   o r g a n i s m s   t h a t   c an   b e t t e r   t o l e r a t e   a  v i g o r o u s  

r e g i m e n   of   a n t i b i o t i c s   d e s i g n e d   to  e l i m i n a t e   i n t e r n a l  

p a r a s i t e s ,   p a t h o g e n i c   b a c t e r i a ,   and  o t h e r   i n f e c t i o u s  

a g e n t s .   F o r   e x a m p l e ,   t h e   h y g r o m y c i n   B  or   G418  r e s i s -  

t a n c e   g e n e s   o f   t h e   p r e s e n t   i n v e n t i o n   can   be  i n s e r t e d ,  

i n d i v i d u a l l y   or   i n  c o m b i n a t i o n ,   i n t o  g e r m l i n e   or   e a r l y  

e m b r y o n i c   c e l l s  t o   c r e a t e   m u l t i c e l l u l a r   o r g a n i s m s  t h a t  

a r e   h i g h l y   r e s i s t a n t   to  t h e   a n t i b i o t i c s .   T h e r e f o r e ,  

r e s i s t a n t   m u l t i c e l l u l a r   v a r i e t i e s   s u c h   a s ,   f o r   e x a m p l e ,  

s w i n e ,   c a t t l e ,   and   s h e e p ,   c an   be  made  to  b e t t e r   t o l e r a t e  

t h e   h i g h e r   l e v e l s   of   a n t i b i o t i c s   t h a t   a r e   r e q u i r e d   f o r  

i m p r o v e d   c o n t r o l   of   h a r m f u l   p a r a s i t e s   and  i n f e c t i o u s  

d i s e a s e   c a u s i n g   a g e n t s   t h a t   s l o w   g r o w t h   and  r e d u c e  

v i t a l i t y .  



The  f o l l o w i n g   e x a m p l e s   f u r t h e r   i l l u s t r a t e   a n d  

d e t a i l   t h e   i n v e n t i o n   d i s c l o s e d   h e r e i n .   B o t h   an  e x p l a n a -  
t i o n   of  and   t h e   a c t u a l   p r o c e d u r e s   f o r   c o n s t r u c t i n g   t h e  

i n v e n t i o n   a r e   d e s c r i b e d   w h e r e   a p p r o p r i a t e .  

E x a m p l e   1 

P l a s m i d   p K C 2 0 3  

A.  I s o l a t i o n   o f   P l a s m i d   DNA  From  E.  c o l i   J R 2 2 5  

The   b a c t e r i u m   E.  c o l i   JR225   (ATCC  No.  3 1 9 1 2 )  

was  c u l t u r e d   in   TY  b r o t h   (1%  t r y p t o n e ,   0.5%  y e a s t  

e x t r a c t ,   0.5%  s o d i u m   c h l o r i d e ,   p H .  7 . 4 )   w i t h   100  µ g / m l .  

of   a n t i b i o t i c   h y g r o m y c i n   B  a c c o r d i n g   to   c o n v e n t i o n a l  

m i c r o b i o l o g i c a l  p r o c e d u r e s .   A f t e r   18  h o u r s   i n c u b a t i o n ,  

a b o u t  0 . 5   m l .   of   t h e   c u l t u r e   was  t r a n s f e r r e d   to  a  
1 . 5   ml  E p p e n d o r f   t u b e   and  c e n t r i f u g e d   f o r   a b o u t   1 5  

s e c o n d s .   U n l e s s   o t h e r w i s e   i n d i c a t e d ,   a l l   t h e   m a n i p -  

u l a t i o n s   w e r e   d o n e   a t   a m b i e n t   t e m p e r a t u r e .   The  r e -  

s u l t a n t   s u p e r n a t a n t   was  c a r e f u l l y   r e m o v e d   w i t h   a  f i n e -  

t i p   a s p i r a t o r   and  t h e   c e l l   p e l l e t   was  s u s p e n d e d   i n  

a b o u t   100  µ l .   of   f r e s h l y   p r e p a r e d   l y s o z y m e   s o l u t i o n  

w h i c h   c o n t a i n e d   2  m g . / m l .   l y s o z y m e ,   50mM  g l u c o s e ,   10  mM 

CDTA  ( c y c l o h e x a n e   d i a m i n e t e t r a c e t a t e )   and  25  mM  T r i s - H C l  

(pH  8 . 0 ) .   A f t e r   i n c u b a t i o n   a t   0°C  f o r  3 0   m i n u t e s   a b o u t  

200  µ l .   of   a l k a l i n e   SDS  ( s o d i u m   d o d e c y l   s u l f a t e )   s o l u t i o n  

( 0 . 2 N   NaOH,  1%  SDS)  was  a d d e d   and  t h e   t u b e   was  g e n t l y  

v o r t e x e d   and  t h e n   m a i n t a i n e d   a t   0 ° C  f o r   15  m i n u t e s .  

N e x t   a b o u t   150  µ l .   of   3M  s o d i u m   a c e t a t e   ( p r e p a r e d   b y  

d i s s o l v i n g   3  m o l e s   of  s o d i u m   a c e t a t e   in  a  m i n i m u m   o f  

w a t e r ,   a d j u s t i n g   t h e   pH  to  4 .3   w i t h   g l a c i a l   a c e t i c  

a c i d ,   and  t h e n   a d j u s t i n g   t h e   v o l u m e   t o  1   1 . )   was  a d d e d  



and   t h e   c o n t e n t s   o f   t h e   t u b e   w e r e   t h e n   m i x e d   g e n t l y   b y  
i n v e r s i o n   f o r   a  few  s e c o n d s   d u r i n g   w h i c h   t i m e   a  DNA 

c l o t   f o r m e d .  -  

The  t u b e   was  m a i n t a i n e d   a t   0°C.   f o r   60  m i n u t e s  

and   t h e n   c e n t r i f u g e d   f o r   5  m i n u t e s   to  y i e l d   an  a l m o s t  

c l e a r   s u p e r n a t a n t .  A b o u t  4   ml  o f   t h e   s u p e r n a t a n t   w a s  
t r a n s f e r r e d   to   a  s e c o n d   c e n t r i f u g e   t u b e   to   w h i c h  1   m l .  

o f   c o l d   e t h a n o l   was  a d d e d .   A f t e r   t h e   t u b e   was  h e l d  

a t   - 2 0 ° C .   f o r   30  m i n u t e s ,   t h e   r e s u l t a n t   p r e c i p i t a t e  

was  c o l l e c t e d   by  c e n t r i f u g a t i o n   (2  m i n u t e s )   a n d   t h e  

s u p e r n a t a n t   was  r e m o v e d   by  a s p i r a t i o n .   The  t h u s  

c o l l e c t e d   p e l l e t   was  d i s s o l v e d  i n   100  u l .   of   0 . 1 M  

s o d i u m   a c e t a t e / 0 . 0 5 M   T r i s - H C l   (pH  8)  and  was  r e p r e -  

c i p i t a t e d   by  t h e   a d d i t i o n   o f   2  v o l u m e s   of   c o l d   e t h a n o l .  

A f t e r   10  m i n u t e s   a t   2 0 ° C . ,   t h e   p r e c i p i t a t e   was  c o l -  

l e c t e d  b y   c e n t r i f u g a t i o n ,   as   d e s c r i b e d   a b o v e ,   a n d  

c o n s t i t u t e s   t h e   d e s i r e d   E.  c o l i   J R 2 2 5   p l a s m i d   DNA. 

B.  T r a n s f o r m a t i o n   o f   E.  c o l i   JR  225  P l a s m i d   DNA  a n d  

I s o l a t i o n  o f   P l a s m i d   p K C 2 0 3 .  

The  E.  c o l i   JR225   p l a s m i d   DNA  p e l l e t   w a s  

d i s s o l v e d   in   a b o u t   100  µ l .   of   0.1M  s o d i u m   a c e t a t e / 0 . 0 5 M  

T r i s - H C l   (pH  8)  and  p r e c i p i t a t e d   w i t h   2  v o l u m e s   of   c o l d  

e t h a n o l .   The  r e s u l t a n t   p l a s m i d   DNA,  was  c o l l e c t e d   a n d  

t h e n   d i s s o l v e d   in   a b o u t   40  µ l .   of   w a t e r   or   d i l u t e  

b u f f e r ,   and   f i n a l l y   u s e d   to  t r a n s f o r m  E .   c o l i   K12  3 E 3 2 7  

i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t r a n s f o r m a t i o n  

m e t h o d   of   W e n s i n k ,   1 9 7 4 ,   C e l l   3:315. E.  c o l i  K 1 2   3 E 3 2 7  

h a s   b e e n   d e p o s i t e d   and   made  p a r t   of  t h e   s t o c k   c u l t u r e  

c o l l e c t i o n   o f   t h e   A m e r i c a n   Type   C u l t u r e   C o l l e c t i o n ,  

R o c k v i l l e ,   M a r y l a n d ,   f r o m   w h i c h   i t   i s   a v a i l a b l e   to  t h e  



p u b l i c   w i t h o u t   r e s t r i c t i o n   u n d e r   t h e   n u m b e r   ATCC  3 1 9 1 1 .  

The  r e s u l t a n t   t r a n s f o r m a n t s   w e r e   s e l e c t e d   on  TY  a g a r  
(1%  t r y p t o n e ,   0.5%  y e a s t   e x t r a c t ,   0.5%  s o d i u m   c h l o r i d e ,  

1.5%  a g a r ,   pH  7 . 4 )   c o n t a i n i n g   200  µ g / m l   of   a n t i b i o t i c  

h y g r o m y c i n   B.  Some  of   t h e   t r a n s f o r m a n t s ,   as  shown  b y  

g e l   e l e c t r o p h o r e s i s   (Rao  and   R o g e r s ,   1978)   and  o t h e r  

t e s t s ,   c o n t a i n e d  b o t h   l a r g e   a n d   s m a l l e r   ( 1 5 k b )   p l a s m i d s  

and   w e r e   r e s i s t a n t   to   b o t h   a n t i b i o t i c s   a m p i c i l l i n   a n d  

h y g r o m y c i n   3.  O t h e r   t r a n s f o r m a n t s   c o n t a i n e d   o n l y   t h e  

s m a l l e r   15kb   p l a s m i d   and   w e r e   r e s i s t a n t   to  a n t i -  

b i o t i c s   h y g r o m y c i n - B   a n d  G 4 1 8   b u t   w e r e   s e n s i t i v e   t o  

a m p i c i l l i n .  

T r a n s f o r m a n t s   o f   t h e   l a t t e r   t y p e   w e r e   p l a t e d  

on  TY  a g a r   c o n t a i n i n g   1  m g . / m l .   of   a n t i b i o t i c   h y g r o m y c i n   B 

and  w e r e   c u l t u r e d   u s i n g   s t a n d a r d   m i c r o b i o l o g i c a l   t e c h -  

n i q u e s .   The  r e s u l t a n t   c e l l s   w e r e   u s e d ,   a c c o r d i n g   t o  

t h e   p r o c e d u r e  o f   E x a m p l e   1A,  to   i s o l a t e   t h e   a b o v e  

d e s c r i b e d   15kb   h y g r o m y c i n   3  and   G418  r e s i s t a n c e   c o n -  

f e r r i n g   p l a s m i d ,   h e r e i n a f t e r   d e s i g n a t e d   as  p l a s m i d  

pKC203 .   The  p r e s e n c e   of   t h e   a n t i b i o t i c   h y g r o m y c i n   B 

and  G418  r e s i s t a n c e   g e n e s   on  p l a s m i d   pKC203  was  c o n -  

f i r m e d   by  s u b s e q u e n t   t r a n s f o r m a t i o n   and  s e l e c t i o n  

a n a l y s i s .  



E x a m p l e   2 

I s o l a t i o n   o f   t h e   A n t i b i o t i c   H y g r o m y c i n   B  And  G 4 1 8  

R e s i s t a n c e   G e n e s   and   C o n t r o l   E l e m e n t s  

A b o u t  5   µg.  o f   p l a s m i d   pKC203  DNA  w e r e   t r e a t e d  

w i t h   B g l I I   r e s t r i c t i o n   e n z y m e  a c c o r d i n g   to  t h e   i n -  

s t r u c t i o n s   and   u n d e r   t h e   c o n d i t i o n s   s p e c i f i e d   by  t h e  

m a n u f a c t u r e r * .   Of  t h e   7 . 5 k b ,   5 . 8 k b ,   and  0 . 5 k b   f r a g -  

m e n t s   r e c o v e r e d ,   t h e   7 . 5 k b   B g l I I   f r a g m e n t   c o n t a i n e d   t h e  

d e s i r e d   a n t i b i o t i c   h y g r o m y c i n   B  a n d   G418  r e s i s t a n c e  

g e n e s   a n d   c o n t r o l   e l e m e n t s .   T h i s   was  c o n f i r m e d   by  s u b -  

s e q u e n t   t r a n s f o r m a t i o n   and  s e l e c t i o n   a n a l y s i s   w h i c h  

s h o w e d  t h a t   c e l l s   t h a t   a r e   n o r m a l l y   s e n s i t i v e   to  a n t i -  

b i o t i c s   h y g r o m y c i n   B  and   G418  a r e   r e s i s t a n t   to  t h e  

a n t i b i o t i c s   u p o n   t r a n s f o r m a t i o n   w i t h   t h e   7 . 5 k b   B g l I I  

f r a g m e n t .  

* R e s t r i c t i o n   e n z y m e s   and  i n s t r u c t i o n s   c a n   be  r e a d i l y  
o b t a i n e d   f r o m   t h e   f o l l o w i n g   s o u r c e s :  

B e t h e s d a   R e s e a r c h   L a b o r a t o r i e s   I n c .  
Box  6 0 1 0  
R o c k v i l l e ,   M a r y l a n d   2 0 8 5 0  

B o e h r i n g e r   M a n n h e i m   B i o c h e m i c a l s  
7941  C a s t l e w a y   D r i v e  
P . O .   Box  5 0 8 1 6  
I n d i a n a p o l i s ,   I n d i a n a   4 6 2 5 0  

New  E n g l a n d   Bio  L a b s . ,   I n c .  
283  C a b o t  
B e v e r l y ,   M a s s a c h u s e t t s   0 1 9 1 5  

R e s e a r c h   P r o d u c t s  
M i l e s   L a b o r a t o r i e s   I n c .  
E l k h a r t ,   I n d i a n a   4 6 5 1 5  



E x a m p l e   3 

C o n s t r u c t i o n  o f   P l a s m i d s   pKC214  and  pKC215  a n d  

T r a n s f o r m a n t s   E.  c o l i   K12  B E 8 2 7 / p K C 2 1 4   and  E .  

c o l i   K12  B E 8 2 7 / p K C 2 1 5  

P l a s m i d   pSVS  g p t ,   t h e   c o n s t r u c t i o n   of   w h i c h  

i s   d e s c r i b e d   in   M u l l i g a n   and   B e r g ,   1 9 8 0 ,   S c i e n c e  

2 0 9 ( 4 4 6 3 ) : 1 4 2 2 ,   has   a  u n i q u e   B g l I I   s i t e   w i t h i n   t h e   g p t  

g e n e .   C l o n i n g   as  d e s c r i b e d   b e l o w ,   a l l o w s   f o r   t h e  

e x p r e s s i o n   o f   t h e   a n t i b i o t i c   h y g r o m y c i n   B  a n d   G 4 1 8  

r e s i s t a n c e   g e n e s .  
A b o u t   5  ug.   o f   p l a s m i d   pSVS  g p t   DNA  w e r e  

t r e a t e d   w i t h   B g l I I   r e s t r i c t i o n   e n z y m e   a c c o r d i n g   to  t h e  

i n s t r u c t i o n s   and  u n d e r   t h e   c o n d i t i o n s   s p e c i f i e d   by  t h e  

m a n u f a c t u r e r .   A f t e r   t h e   e n z y m e   was  i n a c t i v a t e d   b y  

h e a t i n g   a t   7 0 ° C .   f o r   5  m i n u t e s ,   a b o u t   1  ug  of   t h e   DNA 

was  m i x e d   in   a  1 : 1   r a t i o   w i t h   t h e   7 .5   kb  B g l I I   f r a g m e n t  

of   pKC203 .   The  f r a g m e n t s   w e r e   j o i n e d   u s i n g   T4  DNA 

l i g a s e   a c c o r d i n g   to  t h e   i n s t r u c t i o n s   and  u n d e r   t h e  

c o n d i t i o n s   s p e c i f i e d   by  t h e   m a n u f a c t u r e r * .  

*T4  DNA  l i g a s e   and  i n s t r u c t i o n s   can   be  r e a d i l y   o b t a i n e d  
f r o m   t h e   f o l l o w i n g   s o u r c e :  

B e t h e s d a   R e s e a r c h   L a b o r a t o r i e s  
Box  6 0 1 0  
R o c k v i l l e ,   M a r y l a n d   2 0 8 5 0  



The  l i g a t e d   m i x t u r e   was  u s e d   to   t r a n s f o r m   E.  c o l i   K12  

BE827  i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t r a n s f o r m a t i o n  

m e t h o d   of   W e n s i n k ,   1 9 7 4 ,   C e l l   3 : 3 1 5 ,   on  TY  p l a t e s  

c o n t a i n i n g   100  µ g . / m l .   e a c h   of   a n t i b i o t i c s   a m p i c i l l i n  

a n d   a p r a m y c i n .   The  r e c o m b i n a n t   c l o n e s   w e r e   p l a t e d   o n  

TY  p l a t e s   c o n t a i n i n g   100  µ g . / m l .   of   a m p i c i l l i n   a n d  

200  µ g . / m l .   of   a n t i b i o t i c   h y g r o m y c i n   B.  A b o u t   h a l f   o f  

t h e   a n t i b i o t i c   h y g r o m y c i n   B  r e s i s t a n t   r e c o m b i n a n t  

c l o n e s   c o n t a i n e d   p l a s m i d   pKC214  ( F i g u r e   3)  w h i l e   t h e  

r e m a i n d e r   c o n t a i n e d   p l a s m i d   pKC215  ( F i g u r e   4 ) .  

P l a s m i d   DNA  f r o m   v a r i o u s   o f   t h e   a b o v e   c l o n e s  

was  i s o l a t e d ,   a c c o r d i n g   to  t h e   p r o c e d u r e   o f   E x a m p l e   1 A ,  

and   c o n v e n t i o n a l l y   d i s t i n g u i s h e d   by  r e s t r i c t i o n   e n z y m e  

a n a l y s i s .   In  t h i s   way ,   t h e   c o n s t r u c t e d   p l a s m i d s   p K C 2 1 4  

and   pKC215  and   t h e   c o n s t r u c t e d   t r a n s f o r m a n t s   E.  c o l i   K12  

B E 3 2 7 / p K C 2 1 4   and   E.  c o l i   K12  B E 8 2 7 / p K C 2 1 5   w e r e   i d e n t i f i e d  

and   s u b s e q u e n t l y   i s o l a t e d  f o r   f u t u r e   u s e .  

E x a m p l e   4 

C o n s t r u c t i o n   of   Mouse   L t k / p K C 2 1 4  

Mouse   L t k   c e l l s   w e r e   c o n v e n t i o n a l l y   c u l t u r e d  

f o r   r e g u l a r   c e l l   m a i n t e n a n c e   in   a  m e d i u m   c o m p r i s i n g  

m i n i m u m   e s s e n t i a l   m e d i u m   w i t h   E a r l e ' s   s a l t s   and   n o n -  

e s s e n t i a l   a m i n o   a c i d s   ( E a g l e ,  1 9 5 9 ,   S c i e n c e   1 3 0 : 4 3 2 ) ,  

10%  v / v   n e w b o r n   c a l f   s e r u m ,   and  292  u g . / m l .   g l u t a m i n e .  

The  t h u s   c u l t u r e d   Mouse   L t k   c e l l s   w e r e   t h e n   t r a n s -  

f o r m e d   w i t h   p l a s m i d   pKC214  in   s u b s t a n t i a l   a c c o r d a n c e  

w i t h   t h e   p r o t o c o l   d e s c r i b e d   in   W i g l e r   e t   a l . ,  1 9 7 9 ,  

P r o c .   N a t .  A c a d .   S c i .   USA  7 6 ( 3 ) : 1 3 7 3 ,   e x c e p t   t h a t  

1)  1 0 0 - 3 0 0   ng.   o f  p l a s m i d   DNA  was  a d d e d   to  e a c h   p l a t e  



i n   1  ml .   of   c a l c i u m   p h o s p h a t e   p r e c i p i t a t e ;   and  2)  t h e  

c u l t u r e   m e d i u m   was  as  d e s c r i b e d   a b o v e .   A f t e r   4  h o u r s  

i n c u b a t i o n   a t   3 7 ° C . ,   t h e   m e d i u m   was  r e p l a c e d   w i t h   f r e s h  

m e d i u m   and  t h e   c e l l s   w e r e   a l l o w e d   to  i n c u b a t e   f o r   a n  

a d d i t i o n a l   20  h o u r s .   At  t h a t   t i m e   a n t i b i o t i c  h y g r o -  

m y c i n   B  s e l e c t i o n   p r e s s u r e   was  a p p l i e d .   T h i s   was  d o n e  

by  c h a n g i n g   t h e   m e d i u m   to   a  s e l e c t i o n   m e d i u m   w h i c h  

c o n t a i n e d   t h e   a b o v e   d e s c r i b e d   m e d i u m   and   a l s o   a b o u t  

7 5 - 1 0 0 0   µ g . / m l .   of   a n t i b i o t i c   h y g r o m y c i n   B.  The  c o n -  

c e n t r a t i o n   o f   t h e   a n t i b i o t i c   t h a t   i s   p r e f e r r e d   f o r   t h e  

s e l e c t i n g   m e d i u m   i s   200  µ g . / m l .   The  s e l e c t i n g   m e d i u m  

was  c h a n g e d   a f t e r   t h e   f i r s t   d a y ,   t h e n   two  d a y s   a f t e r  

t h a t ,   and   f i n a l l y   a f t e r   e v e r y   t h i r d   day   o v e r   t h e   2 - 3  

w e e k s   in   w h i c h   t r a n s f o r m a n t   c l o n e s   a r o s e .   C o l o n i e s  

w e r e   h a r v e s t e d   by  h a n d   u s i n g   a  p i p e t t e   and  w e r e   g r o w n  
i n t o   m a s s   c u l t u r e   u n d e r   c o n t i n u e d   s e l e c t i o n   p r e s s u r e .  
The  t h u s   c u l t u r e d   a n t i b i o t i c   h y g r o m y c i n   B  r e s i s t a n t  

c e l l s   c o n s t i t u t e   t h e   d e s i r e d   Mouse  L t k / p K C 2 1 4   t r a n s -  

f o r m a n t s .  

E x a m p l e  5  

C o n s t r u c t i o n   of   Mouse  L t k / p K C 2 1 5  

Mouse   L t k / p K C 2 1 5   c e l l s   w e r e   c o n s t r u c t e d   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m p l e   4 ,  

e x c e p t   t h a t   p l a s m i d   pKC215 ,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

was  u s e d   in   t h e   t r a n s f o r m a t i o n   p r o c e d u r e .   The  t h u s  

c o n s t r u c t e d   Mouse   L t k / p K C 2 1 5   t r a n s f o r m a n t s   w e r e   t h e n  

g r o w n   i n t o   m a s s   c u l t u r e .  



E x a m p l e   6 

R e s i s t a n c e   of   T r a n s f o r m a n t s   to   A n t i b i o t i c s  
H y g r o m y c i n   B a n d   G 4 1 8  

The  a b i l i t y   o f   p l a s m i d s   p K C 2 0 3 ,   p K C 2 1 4 ,   a n d  

pKC215  to  c o n f e r   r e s i s t a n c e   to  a n t i b i o t i c s   h y g r o m y c i n   B 

and   G418  was  d e t e r m i n e d   by  t e s t i n g   t r a n s f o r m e d   a n d  

n o n - t r a n s f o r m e d   E.  c o l i   and  Mouse   L t k   c e l l s   f o r   g r o w t h  

o n - m e d i a   w i t h   v a r y i n g   a m o u n t s   o f   t h e   a n t i b i o t i c s .   T h e  

m e d i a  a n d   c u l t u r e   c o n d i t i o n s   f o r   E.  c o l i   and   Mouse   L t k  

c e l l s  a r e   s u b s t a n t i a l l y   as  d e s c r i b e d   r e s p e c t i v e l y   i n  

E x a m p l e s   1A  and   4.  The  r e s u l t s   o f   t h e   t e s t   a r e   p r e s e n t e d  

b e l o w   in   T a b l e s   1  a n d   2  w h e r e i n   ' + '   i n d i c a t e s   g r o w t h ,  
' - '   i n d i c a t e s   no  g r o w t h ,   a n d   ' N / T '   i n d i c a t e s   n o t   t e s t e d .  







E x a m p l e   7 

C o n s t r u c t i o n   of  P l a s m i d s   pGDl  and  pGD2  and  T r a n s f o r m a n t s  

E.  c o l i   K12  B E 8 2 7 / p G D l   and   E.  c o l i   K12  B E 8 2 7 / p G D 2  

P l a s m i d   p L G 6 6 9 ,   t h e   c o n s t r u c t i o n   of  w h i c h   i s  

d e s c r i b e d   in  G u a r e n t e   and   P t a s h n e ,   1 9 8 1 ,   P r o c .   N a t .  

A c a d .   S c i .   USA  7 8 ( 4 ) : 2 1 9 9 ,   c o n t a i n s   a  u n i q u e   B a m H I  

r e s t r i c t i o n   s i t e   in   t h e   c y t o c h r o m e   c  g e n e .   C l o n i n g   t h e  

7 . 5 k b   B g l I I   f r a g m e n t   of   p l a s m i d   pKC203  i n t o   t h i s   s i t e ,  

as  d e s c r i b e d   b e l o w ,   a l l o w s   f o r   t h e   e x p r e s s i o n   of   t h e  

a n t i b i o t i c   h y g r o m y c i n   B  r e s i s t a n c e   g e n e .   The  d e s i r e d  

i n s e r t i o n   i s   e a s i l y   c a r r i e d   o u t   s i n c e   B g l I I   f r a g m e n t s  

c o n t a i n   5'  e x t e n s i o n s  w i t h  t h e   s e q u e n c e   GATC  t h a t   a r e  

i d e n t i c a l   to  5'  e x t e n s i o n s   o f   BamHI  f r a g m e n t s .   T h e r e -  

f o r e   B g l I I   f r a g m e n t s   and  BamHI  f r a g m e n t s   a r e   c o m p a t i b l e  

and  can   be  l i g a t e d   d i r e c t l y   f o r   t h e   p r o d u c t i o n   o f  

r e c o m b i n a n t s .  

P l a s m i d s   pGDl  and   pGD2  and   t r a n s f o r m a n t s   E .  

c o l i   K12  B E 8 2 7 / p G D l   and   E.  c o l i   K12  B E 8 2 7 / p G D 2   a r e  

c o n s t r u c t e d   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t he   t e a c h i n g  
of   E x a m p l e   3,  e x c e p t   t h a t   p l a s m i d   p L G 6 6 9 ,   w i t h   t h e  

u n i q u e   BamHI  s i t e ,   i s   u s e d   i n s t e a d   of   p l a s m i d   p S V S g p t .  

d e p e n d i n g   u p o n   t h e   o r i e n t a t i o n   of   t h e   B g l I I   f r a g m e n t ,  

p l a s m i d s   of  two  o r i e n t a t i o n s   r e s u l t .   P l a s m i d   p G D l  

d e s i g n a t e s   r e c o m b i n a n t   p l a s m i d s   i n  w h i c h   t h e   S a l I  

r e s t r i c t i o n   s i t e   i s   c l o s e s t   to  t h e   u r a  g e n e .   P l a s m i d  

pGD2  d e s i g n a t e s   p l a s m i d s   w i t h   t h e  r e v e r s e   o r i e n t a t i o n .  



E x a m p l e   8 

C o n s t r u c t i o n   o f   S a c c h a r o m y c e s   c e r e v i s i a e / p G D l  

Y e a s t   ( S a c c h a r o m y c e s   c e r e v i s i a e )   i s   t y p i c a l l y  

g r o w n   i n   1%  y e a s t   e x t r a c t / 2 %   b a c t o - p e p t o n e   u s i n g   c o n -  

v e n t i o n a l   m i c r o b i o l o g i c a l   p r o c e d u r e s   w e l l   known  in   t h e  

a r t .   The  t r a n s f o r m a t i o n   of   p l a s m i d   pGDl  i n t o   y e a s t   i s  

c a r r i e d   o u t   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g  
o f  H i n n e n   e t   a l . ,   1 9 7 8 ,   P r o c .  N a t .   A c a d .   S c i .   USA 

7 5 : 1 9 2 9 .   T r a n s f o r m a n t s   a r e   s e l e c t e d   by  a d d i n g   l e t h a l  

d o s e s   o f   a n t i b i o t i c   h y g r o m y c i n   B  to  t h e   c u l t u r e   m e d i u m .  

E x a m p l e   9 

C o n s t r u c t i o n   of   S a c c h a r o m y c e s   c e r e v i s i a e / p G D 2  

The  d e s i r e d   t r a n s f o r m a n t s   a r e   c o n s t r u c t e d   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   8 ,  

e x c e p t   t h a t   p l a s m i d   pGD2  i s   u s e d   i n s t e a d   of   p l a s m i d  

p G D l .   - 

E x a m p l e   1 0  

C o n s t r u c t i o n   of   P l a s m i d s   pGD3  and  pGD4  and  T r a n s f o r m a n t s  
E.  c o l i   K12  B E 8 2 7 / p G D 3   and   E.  c o l i  K 1 2   B E 8 2 7 / p G D 4  

P l a s m i d   p∅4,  t h e   c o n s t r u c t i o n   of   w h i c h  i s  

d e s c r i b e d   i n   S o l n i c k ,   1 9 8 1 ,   C e l l   2 4 : 1 3 5 ,   c o n t a i n s   t h e  

m a j o r   A d e n o v i r u s   2  (Ad2)  l a t e   p r o m o t e r   a t   map  c o o r d i n a t e s  

1 5 . 4   ( E c o R I )   t o  1 6 . 6   ( H i n d I I I ) .   C l o n i n g   t h e   7 . 5 k b  

B g l I I   f r a g m e n t   of   p l a s m i d   pKC203  i n t o   t h e   H i n d I I I   s i t e  

of   p l a s m i d   p∅4  a l l o w s   f o r   t h e   e x p r e s s i o n   of  t h e   a n t i -  

b i o t i c   h y g r o m y c i n   3  r e s i s t a n c e   g e n e .  



The  d e s i r e d   c o n s t r u c t i o n   i s   c o n v e n i e n t l y   d o n e  

by  a d d i n g ,   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g  

of   U l l r i c h   e t   a l . ,   1 9 7 7 ,   S c i e n c e   1 9 6 : 1 3 1 3 ,   H i n d I I I  

l i n k e r s *   to   t h e   7 . 5 k b   B g I I I   f r a g m e n t   and  t h e n   l i g a t i n g  

t h e   t h u s   m o d i f i e d   f r a g m e n t   to  H i n d I I I   t r e a t e d   p l a s m i d  

p∅4  by  u s e  o f   T4  DNA  l i g a s e .   H i n d I I I   r e s t r i c t i o n   a n d  

T4  DNA  l i g a s e   e n z y m e   a r e   r e s p e c t i v e l y   a v a i l a b l e   w i t h  

i n s t r u c t i o n s   f o r   u s e   f r o m   t h e   f i r m s   c i t e d   in   E x a m p l e s   2 

and   3.  A f t e r   t h e   7 . 5 k b   B g l I I   f r a g m e n t   i s   p r o v i d e d  

w i t h   t h e   H i n d I I I   l i n k e r s ,   t h e   l i g a t i o n   o f   t h e   f r a g m e n t  

o n t o   p l a s m i d   p∅4  to  f o r m   p l a s m i d s   pGD3  and   pGD4  i s  

c a r r i e d   o u t   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g  

of   E x a m p l e   3.  The  s u b s e q u e n t   t r a n s f o r m a t i o n   i n t o   E .  

c o l i   K12  BE827  to   f o r m   E.  c o l i   K12  B E 8 2 7 / p G D 3   and  E .  

c o l i   K12  B E 8 2 7 / p G D 4   i s   a l s o   c a r r i e d   o u t   a c c o r d i n g   t o  

t h e   t e a c h i n g   of   E x a m p l e   3 .  

As  e x p l a i n e d   in   E x a m p l e s   3  and  7,  p l a s m i d s   o f  

two  o r i e n t a t i o n s   r e s u l t   d e p e n d i n g   u p o n   t h e   o r i e n t a t i o n  

of   t h e   i n s e r t e d   r e s i s t a n c e   c o n f e r r i n g   f r a g m e n t .   P l a s m i d  

pGD3  d e s i g n a t e s   r e c o m b i n a n t   p l a s m i d s   in   w h i c h   t h e   S a I l  

r e s t r i c t i o n   s i t e   of   t h e   i n s e r t e d   a n t i b i o t i c   h y g r o m y c i n   3 

c o n f e r r i n g   f r a g m e n t   i s   c l o s e s t   to   t h e   EcoRI   s i t e   of   t h e  

Ad2  p r o m o t e r .   P l a s m i d   pGD4  d e s i g n a t e s   p l a s m i d s   w i t h  

t h e   r e v e r s e   o r i e n t a t i o n .  

* H i n d I I I   [ (d(CCAAGCTTGG)]   and  o t h e r   l i n k e r s   a r e   r e a d i l y  
a v a i l a b l e   a t :  

C o l l a b o r a t i v e   R e s e a r c h   I n c .  
1365  Main  S t r e e t  
W a l t h a m ,   MA  0 2 1 5 4  



E x a m p l e   1 1  

C o n s t r u c t i o n   of   Mouse   L t k / p G D 3  

The  c o n s t r u c t i o n   o f   Mouse   L t k / p G D 3   i s  

c a r r i e d   o u t   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g  
of   E x a m p l e   4,  e x c e p t   t h a t   p l a s m i d   pGD3  i s   u s e d   i n s t e a d  

of   p l a s m i d  p K C 2 1 4 .  

E x a m p l e   1 2  

C o n s t r u c t i o n   of   Mouse   L t k / p G D 4  

The  c o n s t r u c t i o n   o f   Mouse   L t k / p G D 4   i s  

c a r r i e d   o u t   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g  

o f   E x a m p l e   4 ,  e x c e p t   t h a t   p l a s m i d   pGD4  i s   u s e d   i n s t e a d  

of   p l a s m i d   p K C 2 1 5 .  

E x a m p l e   1 3  

C o n s t r u c t i o n   of   P l a s m i d   pKC222  and   T r a n s f o r m a n t   E.  c o l i  

K12  B E 8 2 7 / p K C 2 2 2  

A.  I s o l a t i o n   o f   t h e   2 . 7 5 k b   S a l I / B g l I I   F r a g m e n t   of   P l a s m i d  

p K C 2 0 3  

A b o u t   5  µg.  of   p l a s m i d   pKC203  DNA  was  t r e a t e d  

w i t h   S a l I   and   B g l I I   r e s t r i c t i o n  e n z y m e s   a c c o r d i n g   t o  

t h e   i n s t r u c t i o n s   and  u n d e r   t h e   c o n d i t i o n s   s p e c i f i e d   b y  

t h e   m a n u f a c t u r e r * .   A  2 . 7 5 k b   f r a g m e n t   t h a t   c o n t a i n e d   t h e  

g e n e s   and   c o n t r o l   e l e m e n t s   f o r   r e s i s t a n c e   to  a n t i b i o t i c s  

h y g r o m y c i n   3  a n d   G418  was  r e c o v e r e d   by  c o n v e n t i o n a l  

p r o c e d u r e s .  

* R e s t r i c t i o n   e n z y m e s   and   i n s t r u c t i o n s   c an   be  o b t a i n e d  
f r o m   t h e   s o u r c e s   c i t e d   in  E x a m p l e   2 .  



B.  L i g a t i o n   and  F i n a l   C o n s t r u c t i o n  

A b o u t   5  µg.  of   p l a s m i d   pKC7,  t h e   c o n s t r u c t i o n  

of   w h i c h   i s   d i s c l o s e d   in   Rao  and   R o g e r s ,   1 9 7 9 ,   Gene  7 : 7 9 ,  

w e r e   t r e a t e d   w i t h   S a i l   and  B g l I I   r e s t r i c t i o n   e n z y m e s .  
A f t e r  t h e   e n z y m e s   w e r e   i n a c t i v a t e d   by  h e a t i n g   a t   7 0 ° C .  

f o r   5  m i n u t e s ,   a b o u t   1  µg.  of   t h e   DNA  was  m i x e d   in  a  

1 :1   r a t i o   w i t h   t h e   2 . 7 5 k b   S a l I / B g l I I   f r a g m e n t   of   p K C 2 0 3 .  

The  f r a g m e n t s   w e r e   j o i n e d   u s i n g   T4  DNA  l i g a s e   a c c o r d i n g  

to  t h e   i n s t r u c t i o n s   and  u n d e r   t h e   c o n d i t i o n s   s p e c i f i e d  

by  t h e   m a n u f a c t u r e   as  c i t e d   in   c l a i m   3.  The  r e s u l t i n g  

p l a s m i d   pKC222  was  t r a n s f o r m e d   i n t o   E.  c o l i   K12,  i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   3 ,  

and   was  shown  to  c o n f e r   r e s i s t a n c e   to   a n t i b i o t i c s  

a m p i c i l l i n ,   h y g r o m y c i n   B  a n d   G 4 1 8 .  

E x a m p l e   14  

I s o l a t i o n   of   t h e   H y g r o m y c i n   B  R e s i s t a n c e   C o n f e r r i n g  

1 . 5 1 k b   S a c I / B g l I I   F r a g m e n t   of   P l a s m i d   p K C 2 2 2  

The  d e s i r e d   DNA  f r a g m e n t   was  i s o l a t e d   i n  

s u b s t a n t i a l  a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   1 3 A  

e x c e p t   t h a t   S a c l ,   r a t h e r   t h a n   S a l I ,   was  u s e d   w i t h  

B g l I I   f o r   t h e   r e s t r i c t i o n   d i g e s t .  

E x a m p l e   1 5  

I s o l a t i o n   of   t h e   G418  R e s i s t a n c e   C o n f e r r i n g   1 . 6 5 k b  

E c o R I / S a l I   F r a g m e n t   of   P l a s m i d   p K C 2 2 2  

The  d e s i r e d   DNA  f r a g m e n t   was  i s o l a t e d   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   13A 

e x c e p t   t h a t   E c o R I ,   r a t h e r  t h a n   B g l I I ,   was  u s e d   w i t h  

S a l I   f o r   t h e   r e s t r i c t i o n   d i g e s t .  



E x a m p l e   1 7  

C o n s t r u c t i o n   o f   Mouse   L t k / p G D 1 0  

The  d e s i r e d   c o n s t r u c t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4 

e x c e p t   t h a t   p l a s m i d   pGD10,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

i s   u s e d   i n  t h e   t r a n s f o r m a t i o n   p r o c e d u r e .   The  t h u s  

c o n s t r u c t e d  M o u s e   L t k - / p G D 1 0   c a n   be  g r o w n   i n t o   m a s s  

c u l t u r e .  

E x a m p l e   1 8  

C o n s t r u c t i o n   o f   Mouse   L t k - / p G D 1 1  

The   d e s i r e d   c o n s t r u c t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4 

e x c e p t   t h a t   p l a s m i d   p G D I l ,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

i s   u s e d   in   t h e   t r a n s f o r m a t i o n   p r o c e d u r e .   The  t h u s  

c o n s t r u c t e d   Mouse   L t k - / p G D 1 1   c a n   be  g r o w n   i n t o   m a s s  

c u l t u r e .  

E x a m p l e   19  

C o n s t r u c t i o n   of  P l a s m i d s   pGD12  and  pGD13  and   T r a n s f o r m a n t s  

E.  c o l i   K12  B E 8 2 7 / p G D 1 2   and   E.  c o l i   K12  B E 8 2 7 / p G D 1 3  

. T h e   d e s i r e d   p l a s m i d s   a r e   c o n s t r u c t e d   i n  s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e s   3 

and   10  e x c e p t   t h a t   t h e   1 . 6 5 k b   E c o R I / S a l I   f r a g m e n t   o f  

p l a s m i d   pKC222  i s   u s e d   i n s t e a d   of   t h e   7 . 5 k b   B g l I I  

f r a g m e n t   of   p l a s m i d   pKC203  and  e x c e p t   t h a t   B a l I I ,  

r a t h e r   t h a n   H i n d I I I ,   l i n k e r s   a r e   a t t a c h e d   to  t h e   a n t i -  

b i o t i c   r e s i s t a n c e   c o n f e r r i n g   f r a g m e n t .   The  1 . 6 5 k b  

f r a g m e n t   w i t h   B g l I I   l i n k e r s   i s  i n s e r t e d   i n t o   p l a s m i d  

p S V 5 g p t   in  s u b s t a n t i a l   a c c o r d a n c e   w i t h  t h e  p r o c e d u r e  

t a u g h t   in  E x a m p l e   3 .  



As  e x p l a i n e d   in   E x a m p l e   16 ,   p l a s m i d s   of   t w o  

o r i e n t a t i o n s   r e s u l t .   P l a s m i d   pGD12  d e s i g n a t e s   r e -  
c o m b i n a n t   p l a s m i d s   in   w h i c h   t h e   P s t I   r e s t r i c t i o n   s i t e  

of   t h e   i n s e r t e d   a n t i b i o t i c   G418  r e s i s t a n c e   c o n f e r r i n g  

f r a g m e n t   i s   c l o s e s t   to   t h e   H i n d I I I   s i t e   of   t h e   g p t  

g e n e .   P l a s m i d   pGDl3  d e s i g n a t e s   p l a s m i d s   w i t h  t h e  

r e v e r s e   o r i e n t a t i o n .  

T r a n s f o r m a t i o n   of   p l a s m i d s   pGDl2  and  p G D l 3  
i n t o   E.  c o l i   K12  BE827  to   r e s p e c t i v e l y   f o r m   E.  c o l i   K12  

B E 8 2 7 / p G D 1 2   and  E.  c o l i  K 1 2   B E 8 2 7 / p G D 1 3   i s   a l s o   c a r r i e d  

o u t   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f  

E x a m p l e   3  e x c e p t   t h a t   a n t i b i o t i c   G418 ,   r a t h e r   t h a n  

h y g r o m y c i n   B,  i s   u s e d   f o r   s e l e c t i o n   of  t r a n s f o r m a n t s .  

E x a m p l e   2 0  

C o n s t r u c t i o n   of   Mouse   L t k - / p G D 1 2  

The  d e s i r e d   c o n s t r u c t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4 

e x c e p t   t h a t   p l a s m i d   pGD12,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

i s   u s e d   in   t h e   t r a n s f o r m a t i o n   p r o c e d u r e   and   e x c e p t   t h a t  

a n t i b i o t i c   G418 ,   r a t h e r   t h a n   h y g r o m y c i n   3,  is  u s e d   f o r  

s e l e c t i n g   t r a n s f o r m a n t s .   The  t h u s   c o n s t r u c t e d   M o u s e  

L t k - / p G D 1 2   c an   be  g r o w n   i n t o   mass   c u l t u r e .  

E x a m p l e   21  

C o n s t r u c t i o n   of   Mouse  L t k - / p G D 1 3  

The  d e s i r e d   c o n s t r u c t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m p l e   4 

e x c e p t   t h a t   p l a s m i d   p G D l 3 ,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

i s   u s e d   in   t h e   t r a n s f o r m a t i o n   p r o c e d u r e   and  e x c e p t   t h a t  



a n t i b i o t i c   G 4 1 8 ,   r a t h e r   t h a n   h y g r o m y c i n   B,  i s   u s e d   f o r  

s e l e c t i n g   t r a n s f o r m a n t s .   The  t h u s   c o n s t r u c t e d   M o u s e  

L t k - / p G D 1 3   c a n   be  g r o w n   i n t o   m a s s   c u l t u r e .  

E x a m p l e   2 2  

C o n s t r u c t i o n  o f   P l a s m i d s   pGD14  and  pGD15  and  T r a n s -  

f o r m a n t s   E.  c o l i   K12  B E 8 2 7 / p G D 1 4   and  E.  c o l i   K12 

B E 8 2 7 / p G D 1 5  

The  2 . 7 5 k b   S a l I / B g l I I   f r a g m e n t   of   p l a s m i d  

pKC203  was  i s o l a t e d   f o l l o w i n g   t h e   p r o c e d u r e   d e s c r i b e d  

in   E x a m p l e   13 .   M o l e c u l a r   l i n k e r s   a r e   t h e n   a t t a c h e d  

a c c o r d i n g   to   t h e   t e a c h i n g   o f   E x a m p l e   10  e x c e p t   t h a t  

B g l I I ,   r a t h e r   t h a n   H i n d I I I ,   l i n k e r s   a r e   u s e d .   T h e  

r e s u l t i n g   f r a g m e n t   i s   t h e n   i n s e r t e d   i n t o   p l a s m i d  

p S V S g p t ,   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e  

t a u g h t   in   E x a m p l e   3,  to   f o r m   t h e   d e s i r e d   p l a s m i d s .  

As  e x p l a i n e d   i n   E x a m p l e   16 ,   p l a s m i d s   o f  t w o  

o r i e n t a t i o n s   r e s u l t .   P l a s m i d   pGD14  d e s i g n a t e s   r e c o m -  
b i n a n t   p l a s m i d s   in   w h i c h   t h e  A v a l   r e s t r i c t i o n   s i t e   o f  

t h e   a n t i b i o t i c   c o n f e r r i n g   f r a g m e n t   i s   c l o s e s t   to  t h e  

H i n d I I I   s i t e   o f   t h e   g p t   g e n e .   P l a s m i d   pGD15  d e s i g n a t e s  

p l a s m i d s   w i t h   t h e   r e v e r s e   o r i e n t a t i o n .  

T r a n s f o r m a t i o n   of   p l a s m i d s   pGD14  and   pGD15  
i n t o   E.  c o l i   K12  BE827  to  r e s p e c t i v e l y   f o r m  E .   c o l i  

K12  B E 8 2 7 / p G D 1 4   and  E.  c o l i   K12  B E 3 2 7 / p G D 1 5   i s   a l s o  

c a r r i e d   o u t  i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g  
of   E x a m p l e   3 .  



E x a m p l e   23  

C o n s t r u c t i o n   of   Mouse   L t k - / p G D 1 4  

The  d e s i r e d   c o n s t r u c t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4 

e x c e p t   t h a t   p l a s m i d   p G D l 4 ,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

i s   u s e d   i n   t h e   t r a n s f o r m a t i o n   p r o c e d u r e .   The  t h u s  

c o n s t r u c t e d   Mouse   L t k  / p G D 1 4   c a n   be  g r o w n   i n t o   m a s s  

c u l t u r e .  

E x a m p l e   24  

C o n s t r u c t i o n   of   Mouse   L t k - / p G D 1 5  

The  d e s i r e d   c o n s t r u c t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4 

e x c e p t   t h a t   p l a s m i d   pGD15,   r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,  

i s   u s e d   in   t h e   t r a n s f o r m a t i o n   p r o c e d u r e .   The  t h u s  

c o n s t r u c t e d   Mouse   L t k - / p G D 1 4   c a n   be  g r o w n   i n t o   m a s s  

c u l t u r e .  

E x a m p l e   25  

C o n s t r u c t i o n   of   P l a s m i d   p S C 7 0 1   And  T r a n s f o r m a n t   E.  c o l i  

K12  B E 8 2 7 / p S C 7 0 1  

A b o u t   5  µ l .   (5  µ g . )   of   p l a s m i d   pKC203  ( i s o -  

l a t e d   in   E x a m p l e   1)  in   TE  b u f f e r   (10mM  T r i s - H C l ,  

pH  8 . 0 ,   LmM  EDTA),   5  u l .   DTT  (100  mM  D i t h i o t h r e i t o l ) ,  

5  µ l .   ( 1 0 0 0   m g . / m l . )   BSA  ( b o v i n e   s e r u m   a l b u m i n ) ,   25  u l .  

w a t e r ,   5  µ l .   (5  u n i t s )   B a l I I   r e s t r i c t i o n   e n z y m e ,   a n d  
* 

5  µ l .   10X  r e a c t i o n   mix  w e r e   i n c u b a t e d   a t   3 7 ° C .   f o r  

a b o u t   1  h o u r .   The  r e a c t i o n   was  t e r m i n a t e d   by  i n c u b a -  

t i o n   a t   7 0 ° C .   f o r   5  m i n u t e s   and  t h e n   t h e   r e a c t i o n   m i x -  

t u r e   was  c o o l e d   on  i c e ,   e x t r a c t e d   w i t h   e a c h   of  p h e n o l  



and   c h l o r o f o r m : i s o a m y l   a l c o h o l   ( 2 4 : 1 ) ,   and  t h e n   e t h a n o l  

p r e c i p i t a t e d .   The  r e s u l t a n t   B g l I I   r e s t r i c t i o n   f r a g -  

m e n t s   w e r e   d i s s o l v e d   i n   5  µ l .   o f   5mM  NaCl   and   t h e n  

l i g a t e d .   L i g a t i o n   was  c a r r i e d   o u t   by  r e a c t i n g   1  µ l .   o f  

t h e   B g I I I   r e s t r i c t e d   DNA  w i t h   a b o u t   38  µ l .   w a t e r ,   5  µ l .  

(lOmM)  A T P ,  5   µ l .   l i g a t i o n   m i x * * ,   and   1  µ l .   T4  DNA 

l i g a s e   (~105   New  E n g l a n d   Bio   Lab  U n i t s )   a t   1 6 ° C .  f o r  

a b o u t  1 6   h o u r s .   The  r e a c t i o n   was  t e r m i n a t e d   by  i n c u b a -  

t i o n   a t   7 0 ° C .   f o r   5  m i n u t e s .   A f t e r   c o o l i n g   on  i c e ,   t h e  

r e s u l t a n t   l i g a t e d   m i x t u r e   i s   u s e d   to   t r a n s f o r m   E.  c o l i  

K12  B E 8 2 7 ,   i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t r a n s -  

f o r m a t i o n   p r o c e d u r e   o f   W e n s i n k ,   1 9 7 4 ,   on  TY  p l a t e s  

c o n t a i n i n g   200  m g . / m l .   o f   a n t i b i o t i c   h y g r o m y c i n   B .  

Some  o f   t h e   t r a n s f o r m a n t s ,   as  c o n v e n t i o n a l l y   shown  b y  

g e l   e l e c t r o p h o r e s i s   (Rao  and   R o g e r s ,   1978)   and   o t h e r  

t e s t s ,   c o n t a i n   o n l y   t h e   d e s i r e d   ~ 7 . 3   kb  p l a s m i d .  

S u c h   a  t r a n s f o r m a n t ,   d e s i g n a t e d   h e r e i n   as   E.  c o l i   K12  

B E 8 2 7 / p S C 7 0 1 ,   i s   s e l e c t e d ,   p l a t e d   on  TY  a g a r   c o n t a i n i n g  

200  µ g . / m l .   o f   a n t i b i o t i c   h y g r o m y c i n   B,  and   t h e n   c u l -  

t u r e d   u s i n g   c o n v e n t i o n a l   m i c r o b i o l o g i c a l   t e c h n i q u e s .  

The  r e s u l t a n t   c e l l s   a r e   u s e d   to   i s o l a t e   p l a s m i d   p S C 7 0 1  

a c c o r d i n g   to   t h e   p r o c e d u r e   o f   E x a m p l e   1A.  The  p r e s e n c e  
of   t h e   a n t i b i o t i c   h y g r o m y c i n   B  a n d   G418  r e s i s t a n c e  

g e n e s   i n   p l a s m i d   p S C 7 0 1   was  f u r t h e r   c o n f i r m e d   b y  

s u b s e q u e n t   t r a n s f o r m a t i o n ,   s e l e c t i o n ,   and  r e s t r i c t i o n  



e n z y m e   a n a l y s i s .  A   r e s t r i c t i o n   s i t e   and  f u n c t i o n a l   m a p  
of  p l a s m i d   pSC701   i s   s h o w n   in  F i g u r e   6  of   t h e   a c c o m p a n y i n g  

d r a w i n g s .  

R e a c t i o n   mix   (10X)  f o r   B g l I I   r e s t r i c t i o n   e n z y m e   w a s  
p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n :  

600  mM  N a C l  

100  mM  T r i s - H C l ,   pH  7 . 4  

100  mM  M g C l 2  

L i g a t i o n   mix   was  p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m -  
p o s i t i o n :  

500  mM  T r i s - H C l ,   p H  7 . 8  

200  mM  D i t h i o t h r e i t o l  

100  mM  M g C l 2  

E x a m p l e   2 6  

C o n s t r u c t i o n   of   P l a s m i d s   pKC257  and  pKC259  and  T r a n s -  

f o r m a n t s   E.  c o l i   K12  B E 7 8 3 / p K C 2 5 7   and  E.  c o l i   K12 

B E 7 8 3 / p K C 2 5 9  

The  d e s i r e d   p l a s m i d   was  made  in   s u b s t a n t i a l  

a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f  E x a m p l e   25  e x c e p t   t h a t  

p l a s m i d   pSC701   and  H a e I I   r e s t r i c t i o n   e n z y m e   and  r e a c -  
t i o n   m i x  ,   r a t h e r   t h a n   p l a s m i d   pKC203  and  B g l I I   r e -  
s t r i c t i o n   e n z y m e   and  r e a c t i o n   m i x ,   w e r e   u s e d .   P l a s m i d  

pSC701   c o n t a i n s   more   t h a n   one  H a e I I   r e s t r i c t i o n   s i t e   s o  

t h e r e f o r e   H a e I I   d i g e s t i o n   and   s u b s e q u e n t   l i g a t i o n  

r e s u l t s   in  a  m i x t u r e   of   d i f f e r e n t   p l a s m i d s .  



The   r e s u l t a n t   l i g a t e d   m i x t u r e ,   w h i c h   i n c l u d e s '  

t h e   d e s i r e d   h y g r o m y c i n   B  r e s i s t a n c e - c o n f e r r i n g   ~ 4 . 2 k b  

p l a s m i d . p K C 2 5 7   a n d   a l s o   t h e   h y g r o m y c i n   B,  G418 ,   a n d  

a p r a m y c i n   r e s i s t a n c e - c o n f e r r i n g   ~ 5 . 0 k b   p l a s m i d   p K C 2 5 9 ,  

was  u s e d   to   t r a n s f o r m   E.  c o l i   Kl2   BE783  ( d e p o s i t e d   a n d  

made   p a r t   o f   t h e   p e r m a n e n t   s t o c k   c u l t u r e   c o l l e c t i o n   o f  

t h e   N o r t h e r n   R e g i o n a l   R e s e a r c h   L a b o r a t o r y ,   P e o r i a ,  

I l l i n o i s  u n d e r   t h e   a c c e s s i o n   n u m b e r   B - 1 5 0 2 0 ) ,   i n   s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t r a n s f o r m a t i o n   p r o c e d u r e  

o f   E x a m p l e   25 .   The  d e s i r e d   t r a n s f o r m a n t s   w e r e   s e l e c t e d ,  

p l a t e d   on  TY  a g a r   c o n t a i n i n g   200  µ g . / m l .   of   a n t i b i o t i c  

h y g r o m y c i n  B ,   a n d   t h e n   c u l t u r e d   s e p a r a t e l y   u s i n g   c o n v e n -  

t i o n a l   m i c r o b i o l o g i c a l   t e c h n i q u e s .   T r a n s f o r m a n t s   c o n -  

t a i n i n g   pKC257   w e r e   e a s i l y   and   c o n v e n t i o n a l l y   i d e n t i -  

f i e d   by  s c r e e n i n g   f o r   h y g r o m y c i n   B  r e s i s t a n c e   a n d  

t r a n s f o r m a n t s   c o n t a i n i n g   p l a s m i d   pKC259  w e r e   i d e n t i f i e d  

by  s c r e e n i n g   f o r   a p r a m y c i n   and   h y g r o m y c i n   B  r e s i s t a n c e .  

The  t r a n s f o r m a n t s ,   d e s i g n a t e d   h e r e i n   as  E.  c o l i   K 1 2  

B E 7 8 3 / p K C 2 5 7   and   E.  c o l i   K12  B E 7 8 3 / p K C 2 5 9 ,   w e r e   r e s p e c -  

t i v e l y   u s e d   to   i s o l a t e   p l a s m i d s   pKC257  and   p K C 2 5 9  

a c c o r d i n g   to   t h e   p r o c e d u r e   of   E x a m p l e   lA.   The  p r e s e n c e  
of   t h e   a n t i b i o t i c   r e s i s t a n c e   g e n e s   in   t h e   r e s p e c t i v e  

p l a s m i d s   was   f u r t h e r   c o n f i r m e d   by  s u b s e q u e n t  t r a n s f o r -  

m a t i o n ,   s e l e c t i o n ,   and   r e s t r i c t i o n   e n z y m e   a n a l y s i s .   A 

r e s t r i c t i o n   s i t e   and   f u n c t i o n a l   map  of   e a c h   of   p l a s m i d s  

pKC257  a n d   pKC259  i s   shown  r e s p e c t i v e l y   in   F i g u r e s   6 

a n d  7   of   t h e   a c c o m p a n y i n g   d r a w i n g s .  

R e a c t i o n   mix   (10X)  f o r   H a e I I   r e s t r i c t i o n   e n z y m e   w a s  
p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n :  

60  mM  T r i s - H C l ,   pH  7 . 4  

60  mM  M g C l 2  



E x a m p l e   2 7  

C o n s t r u c t i o n   o f   P l a s m i d   pKC261  and   T r a n s f o r m a n t   E .  c o l i  

K12  B E 7 8 3 / p K C 2 6 1  

The  d e s i r e d   p l a s m i d   was  made  in   s u b s t a n t i a l  

a c c o r d a n c e  w i t h   t h e   t e a c h i n g   of   E x a m p l e   25  e x c e p t   t h a t  

p l a s m i d   pKC257  and   Sau3   AI  r e s t r i c t i o n   e n z y m e   a n d  

r e a c t i o n   m i x  ,   r a t h e r   t h a n   p l a s m i d   pSC701   and  B a l I I  

r e s t r i c t i o n   e n z y m e   a n d   r e a c t i o n   m i x ,   w e r e   u s e d .   T h e  

d e s i r e d   p l a s m i d   pKC261  i s   ~ 3 . 2 k b   and   c o n f e r s   r e s i s t a n c e  

to  h y g r o m y c i n   B .  

The  r e s u l t a n t   l i g a t e d   m i x t u r e   i s   u s e d   t o  

t r a n s f o r m   E.  c o l i   K12  BE783  in   s u b s t a n t i a l   a c c o r d a n c e  

w i t h   t h e   t r a n s f o r m a t i o n   p r o c e d u r e   of   E x a m p l e   2 5 .  

T r a n s f o r m a n t s ,   d e s i g n a t e d   h e r e i n   as  E.  c o l i   K12  

B E 7 8 3 / p K C 2 6 1 ,   a r e   s e l e c t e d   and   u s e d   to   i s o l a t e  

p l a s m i d   pKC261  a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e  

lA.  The  p r e s e n c e   of   t h e   a n t i b i o t i c   h y g r o m y c i n   B 

r e s i s t a n c e   g e n e   in   p l a s m i d   pKC261  was  f u r t h e r   c o n f i r m e d  

by  s u b s e q u e n t   t r a n s f o r m a t i o n ,   s e l e c t i o n ,   and  DNA 

s e q u e n c e   a n a l y s i s .  A   r e s t r i c t i o n   s i t e   and  f u n c t i o n a l  

map  of  p l a s m i d   pKC261  i s   shown  in  F i g u r e   7  of  t h e  

a c c o m p a n y i n g   d r a w i n g s .  

R e a c t i o n   mix  (10X)  f o r   Sau  3AI  r e s t r i c t i o n   e n z y m e   w a s  
p r e p a r e d   w i t h   t h e   f o l l o w i n g  c o m p o s i t i o n .  

500  mM  N a C l  

60  mM  T r i s - H C l ,   pH  7 . 5  

50  mM  M g C l 2  



E x a m p l e   28  

C o n s t r u c t i o n   o f   P l a s m i d   pKC275  and   T r a n s f o r m a n t   E.  C o l i  

K12  B E 1 0 4 1 / p K C 2 7 5 -  

A.  P a r t i a l   H a e I I   D i g e s t i o n   o f   P l a s m i d   p K C 2 6 1  

A b o u t  5   µ l .   (5  µ g . )   of   p l a s m i d   pKC261  ( i s o -  

l a t e d   i n   E x a m p l e   27)  i n   TE  b u f f e r ,   5  µl  DTT,  5  µ l .  

( 1 0 0 0   m g - . / m l . )   BSA,  25  µ l .   w a t e r ,   5  µ l .   (5  u n i t s )   H a e I I  

r e s t r i c t i o n   e n z y m e ,   and   5  µ l .   10X  r e a c t i o n   mix   w e r e  

i n c u b a t e d   a t   3 7 ° C .   f o r   a b o u t   1  h o u r .   A f t e r   t h e   r e a c -  

t i o n   was  t e r m i n a t e d   by  i n c u b a t i o n   a t   7 0 ° C .   f o r   5  m i n u t e s ,  

t h e  r e a c t i o n   m i x t u r e   was  c o o l e d   on  i c e ,   e x t r a c t e d   w i t h  

e a c h   o f   p h e n o l   a n d   c h l o r o f o r m : i s o a m y l   a l c o h o l   ( 2 4 : 1 ) ,  

and   t h e n   e t h a n o l   p r e c i p i t a t e d .   The  r e s u l t a n t   H a e I I  

r e s t r i c t i o n   f r a g m e n t s   w e r e   d i s s o l v e d   in   5  µ l .   of   5mM 

N a C l .  

B.  I s o l a t i o n   o f   ~394  n t   p l a c   F r a g m e n t   C o n t a i n i n g  

H a e I I   T e r m i n i  

A b o u t   5  µ l .   (5  µ g . )   of   p l a s m i d   pUR222  ( i s o l a t e d  

f r o m   E.  c o l i   K12  B E 1 1 6 0 / p U R 2 2 2   i n   s u b s t a n t i a l   a c c o r d a n c e  

w i t h   t h e   t e a c h i n g   o f   E x a m p l e   1)  in   TE  b u f f e r   was  H a e I I  

d i g e s t e d   i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f  

E x a m p l e   28A  e x c e p t   t h a t   t h e   r e a c t i o n   m i x t u r e   was  i n -  

c u b a t e d   a t   3 7 ° C .   f o r   a b o u t   2  h o u r s   to   i n s u r e   t h a t   t h e  

d i g e s t i o n   was  c o m p l e t e   and   n o t   p a r t i a l .   The  r e s u l t a n t  

H a e I I   r e s t r i c t i o n   f r a g m e n t s   w e r e   d i s s o l v e d   i n   5  µ l .   o f  

5  mM  N a C l .  

E.  c o l i   K12  B E 1 1 6 0 / p U R 2 2 2   i s   a  s t r a i n   d e p o s -  

i t e d   and   made   p a r t   o f   t h e   p e r m a n e n t   s t o c k   c u l t u r e   c o l -  



l e c t i o n ,   N o r t h e r n   R e g i o n a l   R e s e a r c h   L a b o r a t o r y ,   P e o r i a ,  

I l l i n o i s .   I t   i s   a v a i l a b l e   to   t h e   p u b l i c   as  a  p r e f e r r e d  

s o u r c e   and   s t o c k   r e s e r v o i r   of   p l a s m i d   pUR222  u n d e r   t h e  

a c c e s s i o n   n u m b e r   B - 1 5 0 2 3 .  

C.  L i g a t i o n   and   T r a n s f o r m a t i o n  

A b o u t   4  µ l .   e a c h   of   p l a s m i d   pKC261  a n d  

p l a s m i d   pUR222  H a e I I   r e s t r i c t i o n   f r a g m e n t s   ( r e s p e c -  

t i v e l y   p r e p a r e d   i n   E x a m p l e s   28A  and   B) ,   31  µ l .   w a t e r ,  

5  µ l .   (lOmM)  ATP,  5  µ l .   l i g a t i o n   m i x ,   and   1  µ l .   T4  DNA 

l i g a s e   (~105   New  E n g l a n d   Bio  Lab  U n i t s )   w e r e   r e a c t e d   a t  

1 6 ° C .   f o r   a b o u t   16  h o u r s .   A f t e r   t h e   r e a c t i o n   w a s  

t e r m i n a t e d   by  i n c u b a t i o n   a t   7 0 ° C .   f o r   5  m i n u t e s ,   t h e  

r e s u l t a n t   l i g a t e d   m i x t u r e   was  c o o l e d   on  i c e .   The  DNA 

was  t h e n   t r a n s f o r m e d   i n t o   E.  c o l i   K12  BE1041   ( d e p o s i t e d  

and   made   p a r t   o f   t h e   p e r m a n e n t   s t o c k   c u l t u r e   c o l l e c t i o n  

of  t h e   N o r t h e r n   R e g i o n a l   R e s e a r c h   L a b o r a t o r y ,   P e o r i a ,  

I l l i n o i s   u n d e r   t h e   a c c e s s i o n   n u m b e r   B - 1 5 0 2 1 ) ,   in   s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t r a n s f o r m a t i o n   p r o c e d u r e  

of  E x a m p l e   25.   T r a n s f o r m a n t s   c o n t a i n i n g   o n l y   t h e  

d e s i r e d   ~ 3 . 6 k b   p l a s m i d   pKC275  w e r e   d e s i g n a t e d   as  E .  

c o l i   K12  B E 1 0 4 1 / p K C 2 7 5 .   S u c h   a  t r a n s f o r m a n t   was  s e -  

l e c t e d ,   p l a t e d ,   c u l t u r e d ,   and   u s e d   f o r   s u b s e q u e n t  

p l a s m i d   i s o l a t i o n s .   B o t h   t h e   p r e s e n c e   of   t h e   ~ 3 9 4 n t  

p l a c - c o n t a i n i n g   f r a g m e n t   and  t h e   d e t a i l e d   s t r u c t u r e   o f  

p l a s m i d   pKC275  w e r e   c o n v e n t i o n a l l y   d e t e r m i n e d   by  g e l  

e l e c t r o p h o r e t i c   and   r e s t r i c t i o n   e n z y m e   a n a l y s i s .  

B e c a u s e   p l a s m i d   pKC261  h a s   t h r e e   H a e I I   r e -  
s t r i c t i o n   s i t e s ,   a  p a r t i a l   H a e I I   d i g e s t i o n   r e s u l t s   in   a  

m i x t u r e   o f   d i f f e r e n t   H a e I I   f r a g m e n t s .   C o n s e q u e n t l y ,  

t h e   a b o v e   i l l u s t r a t i v e   p r o c e d u r e   r e s u l t s   in   t h e   c o n -  



s t r u c t - i o n   o f   b o t h   p l a s m i d   pKC275  and  a l s o   t h e   v a r i o u s  

i n s e r t i o n a l   i s o m e r s   of   p l a s m i d   pKC275 .   R e c o m b i n a n t  

p l a s m i d s   of   two  o r i e n t a t i o n s   a r e   a l s o   p r o d u c e d   s i n c e  

t h e   ~ 3 9 4 n t   p l a c - c o n t a i n i n g   f r a g m e n t   c an   be  l i g a t e d   i n  

e i t h e r   d i r e c t i o n .   T h o s e   s k i l l e d   in  t h e   a r t   w i l l   u n d e r -  

s t a n d   t h a t   t h e   v a r i o u s l y   o r i e n t e d   p l a s m i d   i s o m e r s   a n d  

a l s o   t h e   r e s u l t a n t   t r a n s f o r m a n t s   c a n   be  r e a d i l y   i s o -  

l a t e d   a n d   i d e n t i f i e d   by  c o n v e n t i o n a l   m e a n s .   A  r e -  

s t r i c t i o n   s i t e   and   f u n c t i o n a l   map  of   p l a s m i d   pKC275  i s  

p r e s e n t e d   in   F i g u r e   8  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  

E x a m p l e   2 9  

C o n s t r u c t i o n   o f   P l a s m i d   pKC264  and  T r a n s f o r m a n t   E.  C o l i  

K12  B E 7 8 3 / p K C 2 6 4  

A.  E c o R I   D i g e s t i o n   o f   P l a s m i d   p K C 2 5 9  

T h e  d e s i r e d   d i g e s t i o n   was  c a r r i e d   o u t   in  s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   28B  

e x c e p t   t h a t   p l a s m i d   pKC259  and  EcoRI   r e s t r i c t i o n  

e n z y m e   and  r e a c t i o n   m i x  ,   r a t h e r   t h a n   p l a s m i d   p U R 2 2 2  

a n d   H a e I I   r e s t r i c t i o n   e n z y m e   and  r e a c t i o n   m i x ,   w e r e  

u s e d .   The  r e s u l t a n t   EcoRI   r e s t r i c t i o n   f r a g m e n t s   w e r e  

d i s s o l v e d   in   5  µ l .   of  5mM  N a C l .  

R e a c t i o n   mix  (10X)  f o r   E c o R I   r e s t r i c t i o n   enzyme   w a s  
p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n :  

500  mM  N a C l  

1000  mM  T r i s - H C l ,   pH  7 . 5  

50  mM  M g C l 2  



B.  E c o R I   D i g e s t i o n   of   P l a s m i d   YEp24  F o r   S u b s e q u e n t  

I s o l a t i o n   of   2u  DNA 

P l a s m i d   YEp24  was  i s o l a t e d   f r o m   E.  c o l i   K 1 2  

B E 1 1 3 9 / Y E p 2 4   i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h -  

i n g   o f   E x a m p l e   1.  E.  c o l i   Kl2  B E 1 1 3 9 / Y E p 2 4   i s   a  s t r a i n  

d e p o s i t e d   and   made  p a r t   of   t h e   p e r m a n e n t   s t o c k   c u l t u r e  

c o l l e c t i o n   of   t h e   N o r t h e r n   R e g i o n a l   R e s e a r c h   L a b o r a t o r y ,  

P e o r i a ,   I l l i n o i s .   I t   i s   a v a i l a b l e   to   t h e   p u b l i c   as  a  

p r e f e r r e d   s o u r c e   and   s t o c k   r e s e r v o i r   of   t h e   p l a s m i d  

u n d e r   t h e   a c c e s s i o n   n u m b e r   B - 1 5 0 2 2 .   The  d e s i r e d   E c o R I  

d i g e s t i o n   of   p l a s m i d   YEp24  was  c a r r i e d   o u t   in   s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   2 9 A  

and   t h e   r e s u l t a n t   E c o R I   r e s t r i c t i o n   f r a g m e n t s   w e r e  

d i s s o l v e d   in   5  µ l .   of   5mM  N a C l .  

C.  L i g a t i o n   and   T r a n s f o r m a t i o n  

The  E c o R I   d i g e s t e d   p l a s m i d   pKC259  and   p l a s m i d  

YEp24  ( r e s p e c t i v e l y   p r e p a r e d   in   E x a m p l e s   29A  and  B)  w e r e  

l i g a t e d   and   s u b s e q u e n t l y   t r a n s f o r m e d   i n t o   E.  c o l i   K 1 2  

BE783  in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f  

E x a m p l e   28C.  T r a n s f o r m a n t s   c o n t a i n i n g   o n l y   t h e   d e s i r e d  

~ 7 . 2 k b   h y g r o m y c i n   B,  a p r a m y c i n ,   and   G418  r e s i s t a n c e -  

c o n f e r r i n g   p l a s m i d   a r e   d e s i g n a t e d   as  E.  c o l i   K12  B E 7 8 3 /  

p K C 2 6 4 .   S u c h   a  t r a n s f o r m a n t   i s   c o n v e n t i o n a l l y   s e l e c t e d ,  

p l a t e d ,   c u l t u r e d ,   and   u s e d   f o r   s u b s e q u e n t   p l a s m i d   i s o -  

l a t i o n s .  

T h o s e   s k i l l e d   in   t h e  a r t   w i l l   r e c o g n i z e   t h a t  

t h e   2µ  DNA  c a n   be  l i g a t e d   in   e i t h e r   d i r e c t i o n   and  t h a t  

t h e r e f o r e   p l a s m i d   pKC264  and  a l s o   p l a s m i d s   w i t h   t h e  

r e v e r s e   o r i e n t a t i o n   r e s u l t   f r o m   t h e   a b o v e   p r o c e d u r e .  



The  v a r i o u s   p l a s m i d s   and  r e s u l t a n t   t r a n s f o r m a n t s   c an   b e  

r e a d i l y   i s o l a t e d   and   i d e n t i f i e d   by  c o n v e n t i o n a l   m e a n s .  

A  r e s t r i c t i o n   s i t e   and   f u n c t i o n a l  m a p   o f   p l a s m i d   p K C 2 6 4  

i s   p r e s e n t e d   in   F i g u r e   8  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .  

E x a m p l e   3 0  

C o n s t r u c t i o n   of   P l a s m i d s   p L 0 3 1 4   and   p L 0 3 1 5   and  T r a n s -  

f o r m a n t s   E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 4   and   E.  c o l i   K12 

B E 7 8 3 / p L 0 3 1 5  

A.  B g l I I   D i g e s t i o n   of   P l a s m i d   p K C 2 5 9  

The  d e s i r e d   d i g e s t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e  2 8 B  

e x c e p t   t h a t   p l a s m i d   pKC259  and   E g l I I   r e s t r i c t i o n   e n z y m e  
and   r e a c t i o n   m i x ,   r a t h e r   t h a n   p l a s m i d   pUR222  and  H a e I I  

r e s t r i c t i o n   e n z y m e   and  r e a c t i o n   m i x ,   i s   u s e d .   T h e  

r e s u l t a n t   B g l I I   d i g e s t  i s   d i s s o l v e d   in   5mM  N a C l .  

B.  B g l I I   D i g e s t i o n   of   P l a s m i d   p S V S g p t  

The  d e s i r e d   d i g e s t i o n   was  c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m p l e   28B 

e x c e p t   t h a t   p l a s m i d   p S V 5 g p t   and   B g l I I   r e s t r i c t i o n  

e n z y m e   and   r e a c t i o n   m i x ,   r a t h e r   t h a n   p l a s m i d   p U R 2 2 2  

and   H a e I I   r e s t r i c t i o n   e n z y m e   and   r e a c t i o n   mix ,   w a s  

u s e d .   The  r e s u l t a n t   B g l I I   d i g e s t   i s   d i s s o l v e d   in  5mM 

N a C l .  

C.  L i g a t i o n   and  T r a n s f o r m a t i o n  

The  d e s i r e d   l i g a t i o n   i s   c a r r i e d   o u t   in  s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m p l e   28C  

e x c e p t   t h a t   B g l I I   d i g e s t e d   p l a s m i d s   pKC259  and  p S V 5 g p t ,  



r a t h e r   t h a n . p l a s m i d s   pKC261  and   p U R 2 2 2 ,   a r e   u s e d .   T h e  

r e s u l t a n t   l i g a t e d   m i x t u r e   i s   u s e d  t o   t r a n s f o r m   E.  c o l i  

K12  BE783  i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t r a n s -  

f o r m a t i o n   p r o c e d u r e   of   W e n s i n k ,   1 9 7 4 ,   on  TY  p l a t e s  

c o n t a i n i n g   200  µ g . / m l .   of   a n t i b i o t i c   h y g r o m y c i n   B .  

Some  of   t h e   t r a n s f o r m a n t s ,   as   c a n   be  c o n v e n t i o n a l l y  

shown   by  g e l   e l e c t r o p h o r e s i s   (Rao  and   R o g e r s ,   1978)   a n d  

o t h e r   t e s t s ,   c o n t a i n   o n l y   t h e   d e s i r e d   p l a s m i d   p L 0 3 1 4   o r  

t h e   d e s i r e d   p l a s m i d   p L 0 3 1 5 .   S u c h   t r a n s f o r m a n t s   a r e  

s e l e c t e d ,   p l a t e d ,   c u l t u r e d   and   c o n s t i t u t e   t h e   d e s i r e d  

E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 4   and   E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 5  

t r a n s f o r m a n t s .   The  t r a n s f o r m a n t s   a r e   u s e d   f o r   s u b -  

s e q u e n t   i s o l a t i o n   o f   t h e   d e s i r e d   p l a s m i d s   p L 0 3 1 4   a n d  

p L 0 3 1 5 .  

R e c o m b i n a n t   p l a s m i d s   of   two  o r i e n t a t i o n s  

r e s u l t   b e c a u s e   t h e   DNA  f r a g m e n t s   a r e   l i g a t e d   in   e i t h e r  

d i r e c t i o n .   T h o s e   s k i l l e d   in   t h e   a r t   w i l l   u n d e r s t a n d  

t h a t   t h e   d e s i r e d   p l a s m i d s   a r e   r e a d i l y   d i s t i n g u i s h e d   a n d  

i d e n t i f i e d   by  t h e   c o n v e n t i o n a l   t e c h n i q u e s   of   r e s t r i c -  

t i o n   e n z y m e   and   e l e c t r o p h o r e t i c   a n a l y s i s .   A  r e s t r i c t i o n  

s i t e   and  f u n c t i o n a l   map  of   e a c h   of  p l a s m i d s   p L 0 3 1 4   a n d  

p L 0 3 1 5   i s   p r e s e n t e d   in   F i g u r e   9  of   t h e   a c c o m p a n y i n g  

d r a w i n g s .  

E x a m p l e   3 1  

C o n s t r u c t i o n   of   Mouse   L t k - / p L 0 3 1 4  

The  d e s i r e d   c o n s t r u c t i o n   i s   made   in   s u b s t a n -  

t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4  e x c e p t  
t h a t   p l a s m i d   p L 0 3 1 4 ,   r a t h e r   t h a n   p K C 2 1 4 ,   i s   u s e d .   T h e  

t h u s   c o n s t r u c t e d   Mouse   L t k - / p L 0 3 1 4   t r a n s f o r m a n t s   a r e  

t h e n   g r o w n   i n t o   m a s s   c u l t u r e .  



E x a m p l e   3 2  

C o n s t r u c t i o n   of   Mouse   L t k - / p L 0 3 1 5  

The  d e s i r e d   c o n s t r u c t i o n   i s   made  in  s u b s t a n -  

t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f   E x a m p l e   4  e x c e p t  
t h a t   p l a s m i d   p L 0 3 1 5 ,   r a t h e r   t h a n  p K C 2 1 4 ,   i s   u s e d .   T h e  

t h u s   c o n s t r u c t e d   Mouse   L t k - / p L 0 3 1 5   t r a n s f o r m a n t s   a r e  

t h e n  g r o w n   i n t o  m a s s   c u l t u r e .  

E x a m p l e   33  

C o n s t r u c t i o n   o f   p L 0 3 1 6   and  p L 0 3 1 7   and  T r a n s f o r m a n t s  

E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 6   and   E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 7 .  

A.  S a c I   D i g e s t i o n   o f   P l a s m i d   pKC257  and   A d d i t i o n   o f  

B g l I I .   L i n k e r s  

The  d e s i r e d   d i g e s t i o n   i s   c a r r i e d   o u t   in   s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f   E x a m p l e   28B  

e x c e p t   t h a t   p l a s m i d   pKC257  and   S a c I   r e s t r i c t i o n   e n z y m e  
and   r e a c t i o n   m i x  ,   r a t h e r   t h a n   p l a s m i d   puR222   a n d  

H a e I I   r e s t r i c t i o n   e n z y m e   and   r e a c t i o n   m i x ,   a r e   u s e d .  

The  a d d i t i o n   o f   B g l I I   l i n k e r s   to  t h e   S a c I  

d i g e s t e d   p l a s m i d   pKC257  t e r m i n i   i s   c a r r i e d   o u t   i n  s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  S t .   J o h n  

e t   a l . ,   1 9 8 1 ,   J .   Mol .   B i o l .   1 5 2 : 3 1 7 .  

R e a c t i o n   mix  (10X)  f o r   S a c I   r e s t r i c t i o n   e n z y m e   i s  
p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n :  

600  mM  N a C l  

100  mM  T r i s - H C l ,   pH  7 . 4  

100  mM  M g C l 2  



B g l I I   ( d ( C A G A T C T G ) ]   and  o t h e r   l i n k e r s   a r e   r e a d i l y  
a v a i l a b l e   a t :  

C o l l a b o r a t i v e   R e s e a r c h   I n c .  
1365  Main   S t r e e t  
W a l t h a m ,   MA  0 2 1 5 4  

B.  L i g a t i o n   And  T r a n s f o r m a t i o n  

L i n e a r   p l a s m i d   pKC257  w i t h   B g l I I   t e r m i n i   i s  

l i g a t e d   to  B g l I I   d i g e s t e d   p l a s m i d   p S V 5 g p t   ( p r e p a r e d   i n  

E x a m p l e   30B)  in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h -  

i n g   o f   E x a m p l e   30C.  The  l i g a t e d   m i x t u r e   i s   u s e d   t o  

t r a n s f o r m   E.  c o l i   K12  BE783  in   t h e   m a n n e r   a l s o   d i s -  

c l o s e d   in   E x a m p l e   30C.  The  r e s u l t a n t   E.  c o l i   K12 

B E 7 8 3 / p L 0 3 1 6   and   E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 7   t r a n s f o r m a n t s  

a r e   u s e d   f o r   i s o l a t i o n   of   t h e   d e s i r e d   p l a s m i d s   p L 0 3 1 6  

and   p L 0 3 1 7 .   As  e x p l a i n e d   in   E x a m p l e   30C,  p l a s m i d s   o f  

two  o r i e n t a t i o n s   r e s u l t   d e p e n d i n g   u p o n   t h e   o r i e n t a t i o n  

of   t h e   i n s e r t e d   r e s i s t a n c e - c o n f e r r i n g   f r a g m e n t .   T h e  

p l a s m i d s   and  r e s u l t a n t   t r a n s f o r m a n t   c an   be  r e a d i l y   d i s -  

t i n g u i s h e d   and   i d e n t i f i e d   by  c o n v e n t i o n a l   m e a n s .   A 

r e s t r i c t i o n   s i t e   and  f u n c t i o n a l   map  of   e a c h   of  p l a s m i d s  

p L 0 3 1 6   and   p L 0 3 1 7   i s   p r e s e n t e d   in   F i g u r e   9  of   t h e  

a c c o m p a n y i n g   d r a w i n g s .  

E x a m p l e   34  

C o n s t r u c t i o n   of  Mouse  L t k - / p L 0 3 1 6   and  Mouse  L t x - /  

p L 0 3 1 7  

The  d e s i r e d   c o n s t r u c t i o n s   a r e   s e p a r a t e l y   m a d e  

in  s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m -  

p l e   4  e x c e p t   t h a t   e i t h e r  o f   p l a s m i d s   p L 0 3 1 6   or  p L 0 3 1 7 ,  

r a t h e r   t h a n   p l a s m i d   pKC214 ,   i s   u s e d .   The  t h u s   c o n -  

s t r u c t e d   M o u s e  L t k / p L 0 3 1 6   and  Mouse  L t k - / p L 0 3 1 7   t r a n s -  

f o r m a n a s   a r e   t h e n   s e p a r a t e l y   g r o w n   i n t o   mass   c u l t u r e .  



E x a m p l e   35  

C o n s t r u c t i o n   o f   P l a s m i d s   p L 0 3 1 8   and   p L 0 3 1 9   and  T r a n s -  

f o r m a n t s   E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 8   and  E.  c o l i   K 1 2  

B E 7 8 3 / p L 0 3 1 9  

The  d e s i r e d   c o n s t r u c t i o n s   a r e   made  in   s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   33 

e x c e p t   t h a t   p l a s m i d  p K C 2 6 1 ,   r a t h e r   t h a n   p l a s m i d   p K C 2 5 7 ,  

i s   u s e d .   The  r e s u l t a n t   E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 8   a n d  

E.  c o l i   K12  B E 7 8 3 / p L 0 3 1 9   t r a n s f o r m a n t s   a r e   u s e d   f o r  

i s o l a t i o n   o f   t h e   d e s i r e d   p l a s m i d s   p L 0 3 1 8   and  p L 0 3 1 9 .  

As  e x p l a i n e d   i n   E x a m p l e   30C,  p l a s m i d s   o f   two  o r i e n t a -  

t i o n s   r e s u l t   d e p e n d i n g   u p o n  t h e   o r i e n t a t i o n   of   t h e  

i n s e r t e d   r e s i s t a n c e - c o n f e r r i n g   f r a g m e n t .   The  p l a s m i d s  

and   r e s u l t a n t   t r a n s f o r m a n t s   c an   be  r e a d i l y   d i s t i n -  

g u i s h e d   and   i d e n t i f i e d   by  c o n v e n t i o n a l   m e a n s .   A  r e -  

s t r i c t i o n   s i t e   and   f u n c t i o n a l   m a p  o f   e a c h   of   p l a s m i d s  

p L 0 3 1 8   and   p L 0 3 1 9   i s   p r e s e n t e d   in   F i g u r e   9  of   t h e  

a c c o m p a n y i n g   d r a w i n g s .  

E x a m p l e   3 6  

C o n s t r u c t i o n   of   Mouse   L t k - / p L 0 3 1 8   a n d  M o u s e   L t k - / p L 0 3 1 9  

The  d e s i r e d   c o n s t r u c t i o n s   a r e   s e p a r a t e l y   m a d e  

in   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   4 

e x c e p t   t h a t   e i t h e r   o f   p l a s m i d s   p L 0 3 1 8  o r   p L 0 3 1 9 ,   r a t h e r  

t h a n   p l a s m i d   p K C 2 1 4 ,   i s   u s e d .   The  t h u s   c o n s t r u c t e d  

Mouse   L t k - / p L 0 3 1 8   and   Mouse   L t k - / p L 0 3 1 9   t r a n s f o r m a n t s  

a r e   t h e n   s e p a r a t e l y   g r o w n   i n t o   m a s s   c u l t u r e .  



E x a m p l e   37  

C o n s t r u c t i o n   of  P l a s m i d s   p L 0 3 2 0   and  p L 0 3 2 1   and  T r a n s -  

f o r m a n t s   E.  c o l i   K12  B E 1 0 4 1 / p L 0 3 2 0   a n d  E .  c o l i   K12  

B E 1 0 4 1 / p L 0 3 2 1  

The  d e s i r e d   c o n s t r u c t i o n s   a r e   made  in  s u b -  

s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e   33  

e x c e p t   t h a t   p l a s m i d  p K C 2 7 5 ,   r a t h e r   t h a n   p l a s m i d   p K C 2 5 7 ,  

i s   u s e d .   The  r e s u l t a n t   E.  c o l i   K12  B E 1 0 4 1 / p L 0 3 2 0   a n d  

E.  c o l i   K12  B E 1 0 4 1 / p L 0 3 2 1   t r a n s f o r m a n t s   a r e   u s e d   f o r  

i s o l a t i o n   of   t h e   d e s i r e d   p l a s m i d s   p L 0 3 2 0   and  p L 0 3 2 1 .  

As  e x p l a i n e d   in  E x a m p l e   30C,  p l a s m i d s   of  two  o r i e n t a -  

t i o n s   r e s u l t   d e p e n d i n g   u p o n   t h e   o r i e n t a t i o n   of   t h e  

i n s e r t e d   r e s i s t a n c e - c o n f e r r i n g   f r a g m e n t .   The  p l a s m i d s  

and  r e s u l t a n t   t r a n s f o r m a n t s   c a n   be  r e a d i l y   d i s t i n g u i s h e d  

and  i d e n t i f i e d   by  c o n v e n t i o n a l   m e a n s .  A   r e s t r i c t i o n  

s i t e   and  f u n c t i o n a l   map  of   e a c h   of  p l a s m i d s   p L 0 3 2 0  

and   p L 0 3 2 1   i s   p r e s e n t e d   in   F i g u r e   9  of   t h e   a c c o m p a n y i n g  

d r a w i n g s .  

E x a m p l e   38  

C o n s t r u c t i o n   of   Mouse   L t k - / p L 0 3 2 0   and  Mouse  L t k - / p L 0 3 2 1  

The  d e s i r e d   c o n s t r u c t i o n s   a r e   s e p a r a t e l y   m a d e  

in  s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m -  

p l e   4  e x c e p t   t h a t   e i t h e r   of   p l a s m i d s   p L 0 3 2 0   or   p L 0 3 2 1 ,  

r a t h e r   t h a n   p l a s m i d   p K C 2 1 4 ,   i s   u s e d .   The  t h u s   c o n -  

s t r u c t e d   Mouse  L t k - / p L 0 3 2 0   and  Mouse   L t k - / p L 0 3 2 1   t r a n s -  

f o r m a n t s   a r e   t h e n   s e p a r a t e l y   g rown   i n t o   mass   c u l t u r e .  



E x a m p l e   3 9  

C o n s t r u c t i o n   of   P l a s m i d   pKC273  and   T r a n s f o r m a n t  E .   c o l i  

K12  B E 7 8 3 / p K C 2 7 3  

A.  C o n s t r u c t i o n   of   a  2u  and   u r a +   G e n e - C o n t a i n i n g  

L i n e a r   DNA  W i t h   BamHI  a n d   S a l I   T e r m i n i  

A b o u t   5  µ l .   (5  µ g . )   o f   p l a s m i d   pYEp24  in   TE 

b u f f e r ,   5 µ l .   DTT,  5  µ l .   ( 1 0 0 0   m g . / m l . )   BSA,  25  µ l .  

w a t e r ,   5  µ l .   (5  u n i t s )   BamHI  r e s t r i c t i o n   e n z y m e ,  a n d  

5  µ l .   10X  r e a c t i o n   mix   w e r e   i n c u b a t e d   a t   3 7 ° C .   f o r  

1  h o u r   a n d   t h e n   a t   7 0 ° C .   f o r   5  m i n u t e s .   The  BamHI  

d i g e s t e d   DNA  was  c o o l e d   on  i c e ,   e t h a n o l   p r e c i p i t a t e d ,  

a n d   t h e n   d i s s o l v e d   i n   30  µ l .   of   w a t e r   to   w h i c h  5   µ l .   o f  

10X  S a l l   b u f f e r   ( r e a c t i o n   m i x ) *   and   5  µ l .   DTT,  5  µ l .  

( 1 0 0 0   m g . / m l . )   BSA,  and   5  µ l .   (5  u n i t s )   S a l I   r e s t r i c -  

t i o n   e n z y m e   w e r e   a d d e d .   The  r e s u l t a n t   m i x t u r e   w a s  

i n c u b a t e d   a t   3 7 ° C .   f o r  1   h o u r ,   t h e n   a t   7 0 ° C .   f o r   5  m i n -  

u t e s ,   a n d   f i n a l l y   c o o l e d   to   4°C.   The  m i x t u r e   was  t h e n  

e x t r a c t e d   w i t h   e a c h   o f   p h e n o l   and   c h l o r o f o r m : i s o a m y l  

a l c o h o l   ( 2 4 : 1 )   and   l a s t l y   e t h a n o l   p r e c i p i t a t e d .   T h e  

r e s u l t a n t   p r e c i p i t a t e   c o n t a i n e d   t h e   d e s i r e d   l i n e a r   DNA 

and   was  d i s s o l v e d   i n   5  µ l .   o f   5mM  NaCl   and  s t o r e d   a t  

4°C.   f o r   f u t u r e   u s e .  

R e a c t i o n   mix   (10X)  f o r   BamHI  and  S a l l   r e s t r i c t i o n  
e n z y m e s   w e r e   e a c h   p r e p a r e d  w i t h   t h e   f o l l o w i n g   c o m -  
p o s i t i o n :  

1500   mM  N a C l  

60  mM  T r i s - H C l ,   pH  7 . 9  

60  mM  M g C l 2  



B.  C o n s t r u c t i o n   o f   a  H y g r o m y c i n   B  R e s i s t a n c e   G e n e -  

C o n t a i n i n g   L i n e a r   DNA  W i t h   BamHI.  and   S a i l   T e r m i n i  

The  d e s i r e d   l i n e a r   DNA  was  c o n s t r u c t e d   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e  

39A  e x c e p t   t h a t   p l a s m i d   p K C 2 5 9 ,   r a t h e r   t h a n   p l a s m i d  

YEp24 ,   was  u s e d .   The  r e s u l t a n t   p r e c i p i t a t e   c o n t a i n e d  

t h e   d e s i r e d   l i n e a r   DNA  and   was  d i s s o l v e d   in   5  µ l .   o f  

5mM  NaCl   and   s t o r e d   a t  4 ° C .   f o r   f u t u r e   u s e .  

C.  L i g a t i o n   and   T r a n s f o r m a t i o n  

The  d e s i r e d   l i g a t i o n   and   t r a n s f o r m a t i o n   i n t o  

E.  c o l i   K12  BE783  w e r e   c a r r i e d   o u t   in   s u b s t a n t i a l  

a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f   E x a m p l e   28C  e x c e p t   t h a t  

t h e   DNA  f r a g m e n t s   p r e p a r e d   i n   E x a m p l e s   39A  and   B ,  

r a t h e r   t h a n   t h e   H a e I I   f r a g m e n t s   of   p l a s m i d s   pUR222  a n d  

p K C 2 6 1 ,   w e r e   l i g a t e d   and   u s e d   i n   s u b s e q u e n t   t r a n s -  

f o r m a t i o n s .   Some  o f   t h e   r e s u l t a n t   t r a n s f o r m a n t s ,   a s  

c o n v e n t i o n a l l y   shown  by  s e l e c t i o n ,   g e l   e l e c t r o p h o r e s i s  

(Rao  and   R o g e r s ,   1 9 7 8 )   and   o t h e r   t e s t s ,   c o n t a i n e d   t h e  

d e s i r e d   p l a s m i d .   S u c h   a  t r a n s f o r m a n t ,   d e s i g n a t e d   a s  

E.  c o l i   K12  B E 7 8 3 / p K C 2 7 3 ,   was  s e l e c t e d ,   p l a t e d ,   c u l -  

t u r e d ,   and   u s e d   f o r   s u b s e q u e n t   i s o l a t i o n   of   p l a s m i d  

p K C 2 7 3 .   A  r e s t r i c t i o n   s i t e   and  f u n c t i o n a l   map  o f  

p l a s m i d   pKC273  i s   p r e s e n t e d   i n   F i g u r e   10  of   t h e   a c c c m -  

p a n y i n g   d r a w i n g s .  

E x a m p l e   40  

C o n s t r u c t i o n   of   S a c c h a r o m y c e s   c e r e v i s i a e / p K C 2 7 3  

Y e a s t   ( S a c c h a r o m y c e s   c e r e v i s i a e )   was  g r o w n   i n  

1 %  y e a s t   e x t r a c t / 2 %   b a c t o - p e p t o n e / 1 %   g l u c o s e   u s i n g  



c o n v e n t i o n a l   and   known   m i c r o b i o l o g i c a l   p r o c e d u r e s .   T h e  

t r a n s f o r m a t i o n   o f   p l a s m i d   pKC273  i n t o   y e a s t   was  c a r r i e d  

o u t   i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f  

H i n n e n   e t   a l . ,   1 9 7 8 ,   P r o c .   N a t .   A c a d .   S c i .   USA  7 5 : 1 9 2 9 .  

T r a n s f o r m a n t s   w e r e   s e l e c t e d   by  t h e i r   a b i l i t y   to  g r o w   o n  

m i n i m a l   m e d i a   l a c k i n g   u r a c i l   (Ura+   p h e n o t y p e ) .   U r a +  

t r a n s f o r m a n t s   w e r e   s u b s e q u e n t l y   t e s t e d   f o r   t h e i r   a b i l i t y  

to   g r o w   on  c o m p l e x   m e d i a   s u p p l e m e n t e d  w i t h   200  µ g . / m l .  

o f   h y g r o m y c i n   B.  S u c h   a  d o s e   i s  l e t h a l   to   n o n - t r a n s f o r m e d  

c e l l s .   S a c c h a r o m y c e s   c e r e v i s i a e / p K C 2 7 3   t r a n s f o r m a n t  

c e l l s   g r o w   on  t h e s e   m e d i a   w h i l e   u n t r a n s f o r m e d   S a c c h a r o -  

m y c e s   c e r e v i s i a e  a r e   k i l l e d .  

E x a m p l e   4 1  

C o n s t r u c t i o n   o f   P l a s m i d   p L 0 3 7 8   And  T r a n s f o r m a n t   E.  c o l i  

K12  B E 7 8 3 / p L 0 3 7 8  

A.  P s t I   D i g e s t i o n   o f   P l a s m i d   p B R 3 2 2  

The   d e s i r e d   d i g e s t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e  

28B  e x c e p t   t h a t   p l a s m i d   pBR322  and   P s t I   r e s t r i c t i o n  

e n z y m e   and   r e a c t i o n   m i x  ,   r a t h e r   t h a n   p l a s m i d   p U R 2 2 2  

and   H a e I I   r e s t r i c t i o n   e n z y m e   and   r e a c t i o n   m i x ,   i s   u s e d .  

The  r e s u l t a n t   P s t l   d i g e s t   i s   d i s s o l v e d   in   5  µ l .   of   5mM 

N a C l .  

R e a c t i o n   m ix   (10X)  f o r   P s t I   r e s t r i c t i o n   e n z y m e   w a s  
p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n :  

500  mM  N a C l  

60  mM  T r i s - H C l ,   pH  7 . 4  

60  mM  M g C l 2  



B.  P s t I   D i g e s t i o n   of   P l a s m i d   p K C 2 6 4  

The  d e s i r e d   d i g e s t i o n   was  c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   E x a m p l e  

41A  e x c e p t   t h a t   p l a s m i d   p K C 2 6 4 ,   r a t h e r   t h a n   p l a s m i d  

p B R 3 2 2 ,   was  u s e d .   The  r e s u l t a n t   P s t I   d i g e s t   was  d i s -  

s o l v e d   in  5  µ l .   of   SmM  N a C l .  

C..  _ L i g a t i o n   and  T r a n s f o r m a t i o n  

The  d e s i r e d   l i g a t i o n   and  t r a n s f o r m a t i o n   i n t o  

E.  c o l i   K12  BE783  i s   c a r r i e d   o u t   in   s u b s t a n t i a l   a c c o r d a n c e  

w i t h   t h e   t e a c h i n g   o f   E x a m p l e   28C  e x c e p t   t h a t   t h e   DNA 

f r a g m e n t s   p r e p a r e d   in   E x a m p l e s   41A  and  B,  r a t h e r   t h a n  

t h e   S a e I I   f r a g m e n t s   of   p l a s m i d s   pUR222  and   p R C 2 6 1 ,   a r e  

l i g a t e d   and   u s e d   in   s u b s e q u e n t   t r a n s f o r m a t i o n s .   S o m e  

of  t h e   t r a n s f o r m a n t s ,   as  c an   be  c o n v e n t i o n a l l y   shown  b y  

a n t i b i o t i c   s e l e c t i o n ,   g e l   e l e c t r o p h o r e s i s   (Rao  a n d  

R o g e r s ,   1978)   a n d   o t h e r   t e s t s ,   c o n t a i n   t h e   d e s i r e d  

p l a s m i d .   S u c h   a  t r a n s f o r m a n t ,   d e s i g n a t e d   as  E.  c o l i  

K12  B E 7 8 3 / p L 0 3 7 8 ,   i s   s e l e c t e d ,   p l a t e d ,   c u l t u r e d   a n d  

u s e d   f o r   s u b s e q u e n t   i s o l a t i o n   of   p l a s m i d   p L 0 3 7 8 .  

As  e x p l a i n e d   in   E x a m p l e   30C,  p l a s m i d s   of  t w o  

o r i e n t a t i o n s   r e s u l t   d e p e n d i n g   u p o n   t h e  o r i e n t a t i o n   o f  

t h e   i n s e r t e d   r e s i s t a n c e - c o n f e r r i n g   f r a g m e n t .   T h e r e f o r e ,  

in   a d d i t i o n   to  p l a s m i d   p L 0 3 7 8 ,   t h e   a b o v e   p r o c e d u r e  
a l s o   g e n e r a t e s   p l a s m i d s   w i t h   t h e   r e v e r s e   o r i e n t a t i o n .  

T h o s e   s k i l l e d   in  t h e   a r t   can   r e a d i l y   d i s t i n g u i s h   a n d  

i d e n t i f y   t h e s e   p l a s m i d s   and  r e s u l t a n t   t r a n s f o r m a n t s  

by  c o n v e n t i o n a l   m e a n s .   A  r e s t r i c t i o n  s i t e   and  f u n c -  

t i o n a l   map  of   p l a s m i d   pL0378   i s   p r e s e n t e d   in  F i g u r e  

10  of   t h e   a c c o m p a n y i n g   d r a w i n g s .  



E x a m p l e   42  

C o n s t r u c t i o n   o f   S a c c h a r o m y c e s   c e r e v i s i a e / g L 0 3 7 8  

The  d e s i r e d   t r a n s f o r m a t i o n   i s   c a r r i e d   o u t   i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of  E x a m p l e   40  

e x c e p t   t h a t   t h e   G418  r e s i s t a n c e   g e n e - c o n t a i n i n g   p l a s m i d  

p L 0 3 7 8 ,   r a t h e r   t h a n   p l a s m i d   p K C 2 7 3 ,   i s   u s e d .   T r a n s -  

f o r m a n t s   a r e  i d e n t i f i e d   by  c o n v e n t i o n a l l y   s c r e e n i n g   t h e  

r e c i p i e n t   y e a s t   c e l l s   f o r   t h e   p r e s e n c e   o f   p l a s m i d   DNA. 

The  d e s i r e d   S a c c h a r o m y c e s  c e r e v i s i a e / p L 0 3 7 8   t r a n s -  

f o r m a n t s   a r e   t h u s   r e a d i l y   i d e n t i f i e d  a n d   i s o l a t e d .  



1.  A  r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r   c o m -  

p r i s i n g :  

a)  a  e u k a r y o t i c   p r o m o t e r ,  

b)  one   o r   two  d i f f e r e n t   s t r u c t u r a l   g e n e s   a n d  

a s s o c i a t e d   c o n t r o l   s e q u e n c e   t h a t   c o n v e y   r e -  

s i s t a n c e   to   e i t h e r   o r   b o t h   a n t i b i o t i c s   h y g r o -  

m y c i n   B  a n d   G418  w h e n   t r a n s f o r m e d   i n t o   a  h o s t  

c e l l   t h a t   i s   s e n s i t i v e   to   e i t h e r   o r   b o t h  

a n t i b i o t i c s   f o r   w h i c h   r e s i s t a n c e   i s   c o n v e y e d ,  

s a i d   h o s t   c e l l   b e i n g   s u s c e p t i b l e   to  t r a n s -  

f o r m a t i o n ,   c e l l   d i v i s i o n ,   and   c u l t u r e ,   a n d  

c)  a  p r o k a r y o t i c   r e p l i c o n ,   s a i d   r e p l i c o n   b e i n g  

f u n c t i o n a l   when   s a i d   h o s t   c e l l   i s   p r o k a r y -  

o t i c ,  

s u b j e c t   to  t h e   l i m i t a t i o n s   t h a t   t h e   one   o r   t w o  

s t r u c t u r a l   g e n e s   and   a s s o c i a t e d   c o n t r o l   s e q u e n c e  

a r e   a d j a c e n t   to   a n d ,   in   a  e u k a r y o t i c   h o s t   c e l l ,  

t r a n s c r i b e d   f r o m   t h e   e u k a r y o t i c   p r o m o t e r ,   t h a t   a  

s i n g l e   g e n e   and   a s s o c i a t e d   c o n t r o l   s e q u e n c e   c o n v e y s  
r e s i s t a n c e   to   e i t h e r   b u t   n o t   b o t h   h y g r o m y c i n   B  a n d  

G 4 1 8 ,   and  t h a t   t h e   g e n e   c o n v e y i n g   r e s i s t a n c e   t o  

G418  d o e s   n o t   c o d e   f o r   t h e   e n z y m e   p h o s p h o t r a n s -  

f e r a s e .  

2.  The  v e c t o r   of   c l a i m   1  w h i c h   i s   a  p l a s m i d  

w h e r e i n   t h e   p r o k a r y o t i c   r e p l i c o n   i s   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f   t h e   pBR322   r e p l i c o n ,   pMBl,   N R 1 ,  

RK2,  RK6,  p S C 1 0 1 ,   R P l ,   RP4,   R S F 1 0 1 0 ,   P U B 1 1 0 ,   and  S L P 1 . 2  

and   t h e   e u k a r y o t i c   p r o m o t e r   i s   i n d e p e n d e n t l y   s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   t h e   SV40  e a r l y   p r o m o t e r ,  



SV40  l a t e   p r o m o t e r ,   HSVITK  p r o m o t e r ,   a d e n o v i r u s   p r o m o t e r ,  
Ad  2  p r o m o t e r ,   p o l y o m a   p r o m o t e r ,   m o u s e   s a r c o m a   v i r u s  

p r o m o t e r ,   y e a s t   t r p - 1   p r o m o t e r ,   y e a s t   l e u   2  p r o m o t e r ,  

y e a s t   h i s   3  p r o m o t e r ,   a n d   t h e   y e a s t   c y t o c h r o m e   c  p r o -  

m o t e r .  

3.  The  v e c t o r   of   c l a i m   1  o r   2  w h i c h   c o m -  

p r i s e s   t h e   7 . 5 k b   B g l I I   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d  

p K C 2 0 3 .  

4.  The   v e c t o r   o f   c l a i m   3  w h e r e i n   t h e  

p r o k a r y o t i c   r e p l i c o n   i s   t h e   pBR322  r e p l i c o n   and   t h e  

e u k a r y o t i c   p r o m o t e r   i s   t h e   SV40  e a r l y   p r o m o t e r .  

5.  The  v e c t o r   o f   c l a i m   3  w h e r e i n   t h e  

p r o k a r y o t i c   r e p l i c o n   i s   t h e   pBR322   r e p l i c o n   and   t h e  

e u k a r y o t i c   p r o m o t e r   i s   t h e   Ad  2  p r o m o t e r .  

6.  The  v e c t o r   of   c l a i m   3  w h e r e i n   t h e  

p r o k a r y o t i c   r e p l i c o n   i s   t h e   pBR322  r e p l i c o n   and  t h e  

e u k a r y o t i c   p r o m o t e r   i s   t h e   y e a s t   c y t o c h r o m e   c  p r o m o t e r .  

7.  The  v e c t o r   of   c l a i m   1  o r   2  w h i c h   i s   a  

p l a s m i d   and   w h e r e i n   t h e   g e n e s   and   a s s o c i a t e d   c o n t r o l  

s e q u e n c e   c o n v e y   r e s i s t a n c e   to   b o t h   h y g r o m y c i n   B  a n d  

G418  a n d   c o m p r i s e   t h e   2 . 7 5 k b   B g l I I / S a l I   r e s t r i c t i o n  

f r a g m e n t   o f   p l a s m i d   p K C 2 0 3 .  

8.  The  v e c t o r   o f   c l a i m   1  or   2  w h i c h   i s   a  

p l a s m i d   a n d   w h e r e i n   t h e   n u m b e r   o f   s a i d   s t r u c t u r a l   g e n e s  
i s   l i m i t e d   to   o n e .  

9.  The  v e c t o r   of   c l a i m   8  w h e r e i n   t h e   g e n e  
and   a s s o c i a t e d   c o n t r o l   s e q u e n c e   c o n f e r s   r e s i s t a n c e   t o  

h y g r o m y c i n   B  a n d   c o m p r i s e s   t h e   1 . 5 l k b   S a c I / B g l I I   r e -  

s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p K C 2 2 2 .  

10.   The  v e c t o r   o f   c l a i m   8  w h e r e i n   t h e   g e n e  

and   a s s o c i a t e d   c o n t r o l   s e q u e n c e   c o n f e r s   r e s i s t a n c e   t o  



G418  and   c o m p r i s e s   t h e   1 . 6 5 k b   E c o R I / S a l I   r e s t r i c t i o n  

f r a g m e n t   o f   p l a s m i d   p K C 2 2 2 .  

11.   The  v e c t o r   o f  c l a i m   1  o r   2  w h i c h   i s   a  

p l a s m i d   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   p l a s m i d  

p K C 2 1 4 ,   p K C 2 1 5 ,   p G D l ,   pGD2,  pGD3,  pGD4,  pGD10,   p G D 1 1 ,  

pGD12,   p G D l 3 ,   pGD14,   and   p G D l 5 .  

12 .   The   v e c t o r   of   c l a i m   1  o r   2  w h i c h   i s   a  

p l a s m i d   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   p l a s m i d  

p L 0 3 7 8 ,   p K C 2 7 3 ,   p L 0 3 1 4 ,   p L 0 3 1 5 ,   p L 0 3 1 6 ,   p L 0 3 1 7 ,   p L 0 3 1 8 ,  

p L 0 3 1 9 ,   p L 0 3 2 0 ,   and   p L 0 3 2 1 .  

1 3 .  A   t r a n s f o r m e d   h o s t   c e l l   w h i c h   c o m p r i s e s  

t h e   r e c o m b i n a n t   D N A  c l o n i n g   v e c t o r   o f   a n y  o n e   o f  

c l a i m s   1  to   1 2 .  

14.   The   t r a n s f o r m e d   h o s t   c e l l   of   c l a i m   1 3  

w h i c h   i s   a  p r o k a r y o t i c   c e l l .  

15.   The  t r a n s f o r m e d   h o s t   c e l l   o f   c l a i m   13  

w h i c h   i s   a  e u k a r y o t i c   c e l l .  

16.   The  t r a n s f o r m e d   h o s t   c e l l   of   c l a i m   14  

w h i c h   i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   E.  c o l i ,  

E.  c o l i   K12,   E.  c o l i   Kl2  B E 8 2 7 ,   B a c i l l u s ,   B a c i l l u s  

s u b t i l i s ,   P s e u d o m o n a s ,   A g r o b a c t e r i u m ,   S t r e p t o m y c e s ,  

S t a p h y l o c o c c u s ,   and   S t r e p t o c o c c u s .  

17 .   The  t r a n s f o r m e d   h o s t   c e l l   of   c l a i m   1 5  

w h i c h   i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   N e u r o -  

s p o r a ,   C e p h a l o s p o r i u m ,   A s p e r g i l l u s ,   P e n i c i l l i u m ,   a n d  

y e a s t .  

18.   The  t r a n s f o r m e d   h o s t   c e l l   of   c l a i m   15  

w h i c h   i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   a  p l a n t  

c e l l ,   an  a m p h i b i a n   c e l l   and  a  m a m m a l i a n   c e l l .  



19.   A  r e s t r i c t i o n   f r a g m e n t   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f   t h e   7 . 5 k b   B g l I I   r e s t r i c t i o n   f r a g -  

m e n t   o f   p l a s m i d   p K C 2 0 3 ,   t h e   2 . 7 5 k b   B g l I I / S a l l   r e s t r i c -  

t i o n   f r a g m e n t   o f   p l a s m i d   p K C 2 0 3 ,   t h e   1 . 5 1 k b   S a c I / B g l I I  

r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p K C 2 2 2 ,   and   t h e   1 . 6 5 k b  

E c o R I / S a l l   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p K C 2 2 2 .  

20.   A  p l a s m i d   c o m p r i s i n g   t h e   r e s t r i c t i o n  

f r a g m e n t   of   c l a i m   19  w h i c h   i s   s e l e c t e d   f r o m   t h e   g r o u p  

c o n s i s t i n g   o f   p l a s m i d   p K C 2 0 3 ,   p K C 2 2 2 ,   p K C 2 5 7 ,   p K C 2 5 9 ,  

p K C 2 6 1 ,   p K C 2 6 4 ,   pKC275  a n d   p S C 7 0 1 .  

21.   A  t r a n s f o r m e d   h o s t   c e l l   c o m p r i s i n g   t h e  

p l a s m i d   of   c l a i m   2 0 .  

22.   The  t r a n s f o r m e d   h o s t   c e l l   o f   c l a i m   2 1  

w h i c h   i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   E.  c o l i ,  

E.  c o l i   K12 ,   E.  c o l i   K12  B E 8 2 7 ,   B a c i l l u s ,   B a c i l l u s  

s u b t i l i s ,   P s e u d o m o n a s ,   A g r o b a c t e r i u m ,   S t r e p t o m y c e s ,  

S t a p h y l o c o c c u s ,   a n d   S t r e p t o c o c c u s .  

23.   The  u s e   of   t h e   r e c o m b i n a n t   DNA  v e c t o r   o f  

a n y  o n e   of   c l a i m s   1  to   12  in   t r a n s f o r m i n g   a  e u k a r y o t i c  

c e l l   to   be  c u l t u r e d   f o r   p r o d u c t i o n   of   p o s t   t r a n s -  

l a t i o n a l l y   m o d i f i e d   p o l y p e p t i d e .  
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